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The sum of our experience in dealing with pyogenic parotitis has 
lead to three practical conclusions: 

1. Acute suppurative parotitis is, in the great majority of cases, 
an ascending infection from the duct related to decreased salivary 
flow, fever and depressed general condition. 

2. Early adequate liberation and drainage of the parotid gland is 
a safe and useful procedure in all cases of severe septic parotitis not 
plainly terminal, and in some cases it may be life saving. 

3. Meatotomy of the duct is useful in certain cases of parotitis 
associated with obstruction not due to stones. 

30th clinical observation and a review of this series of cases sug- 
gest certain tentative deductions as to etiology, clinical course and 
treatment. The series is of itself too small to form a basis for broad 
deductions that would controvert generally accepted ideas. These 
observations are presented as a further contribution to the subject. The 
tentative deductions are here used as a basis for classifying observa- 
tions rather than as an asservation of principals. Certain cases will be 
reported en toto, with extracts from other cases which illustrate the 
various types and points. A few of the cases are unique in this series 
but none of them contradict our tentative conclusions. 

A close analogy is suggested between infections of the salivary 
glands and of other larger glands which also empty into mucous lined 


*From the Department of Surgery of Washington University Medical 
School. 

* Of the fifty-six cases here presented, thirty-one were those of private 
patients referred to or seen in consultation by Dr. Blair in various hospitals. 
The other cases are from the various ward services of the Barnes Hospital 
and the St. Louis Children’s Hospital. Only the cases at the Barnes and the 
St. Louis Children’s Hospital, during the past four years, were seen by Dr. 
Padgett. Case 42 (submaxillary duct obstruction) brings the number of cases 
to fifty-seven. Two cases of subtemporal abscess are also recorded, but not 
listed as parotid cases. The presentation of the literature endeavors to give 
credit for certain original conception of the disease and also of its treatment. 
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cavities, the pathologic conditions of which have been subjected to a 
much closer scrutiny. 

Taken as a whole, the cases in the series fall for the greatest part 
into two broad groups, one in which an acute inflammation of the 
gland is the first noticed and the predominant symptom, the other 
presenting primarily recurrent symptoms of duct obstruction. Added 
to the obstruction there may be any grade of inflammation of the gland 
or duct. The obstructive agent might be simply the swelling and 
thickening of the mucosa, or a plug of mucus lodged at the meatus; 
or some inflammatory constriction, or a stone formed anywhere within 
the duct. If one were to accept the sublingual gland as the origin 
of ranulae, we would have its most common failing. 

Cases in the first group of parotid infections were commonly char- 
acterized by a sudden onset and a rapid course, with pain and swelling 
in the gland region and the general symptoms of a severe infection; or, 
less often, a slight swelling and mild rise in temperature were the 
only symptoms observed. They were practically always secondary to, 
or appeared as a complication of, an injury, a postoperative state or 
some acute or chronic illness. It was characteristic of this condition 
that, once relieved, it showed little tendency to recur. 

Cases of the second group seemed to be related to no preceding 
illness or injury and showed a very distinct tendency to recurrence of 
symptoms. They were usually characterized by recurrent exacerba- 
tions of moderate pain and swelling in the gland region, often more 
pronounced when food is taken, and with or without the general symp- 
toms of a mild infection. Rarely, the exacerbation develops with all the 
acute signs found in those of the first group. 

Naturally, the two groups may merge, and there are a few that 
are not easily placed in either group. 

It is now rather generally accepted that at least the great majority 
of pyogenic inflammations of the parotid gland are due to an ascending 
infection; i. e., that the infection travels along the lining mucosa of 
the excretory duct. The cases in which an inflammation of the duct 
could be demonstrated are here classified as ascending infections. 
Evidence of duct infection varied from a minute bright red protrusion 
of the duct mucosa at the papilla to a string of cloudy mucus or pus 
exuding from the duct, or both. There are certain acute cases recorded 
in this group in which the glandular inflammation so overshadowed 
a possible inflammation of the duct that the latter was overlooked or 
not recorded. 

The most common infecting organism was a staphylococcus. Those 
cases showing a streptococcus were of the greatest virulence clinically. 

Case 1 was selected as being more or less illustrative of the acute 
ascending type of pyogenic infection. 
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REPORT OF CASES 


Case 1—A woman, aged 51, entered Barnes Hospital, Nov. 21, 1920 with 
a history of exposure to a cold wind, six days before entrance, while perspiring 
freely. She developed a slight sore throat in the afternoon of the same day, 
with slight swelling of the glands in the neck the following morning. Three 
days later, the left parotid region began to swell and was painful and tender 
to touch. The swelling, tenderfess and pain increased during the next three 
days. The head ached, and the patient felt ill, had no appetite and felt hot. 

On admission, the temperature was 102.5 F., the pulse, 130. The left side 
of the face showed a tender, pink glazed dome-shaped swelling which extended 
to the temporal region and down the neck to within 4 cm. of the clavicle. The 
maximum swelling and tenderness was situated over the left parotid region. 
There was no fluctuation. The left eye was nearly closed from edema. There 
was marked limitation of motion of the mandible. Thick pus could be expressed 
from the parotid duct within the mouth and the papilla of the duct was 
fiery red. 

Operation was advised on entrance, the fourth day of the infection. The 
usual incision (described later) was made, and a swollen edematous gland with 
minute abscesses was found. Culture showed Staphylococcus aureus. The 
fever and elevated pulse rate subsided gradually. The patient left the hospital 
in twelve days. 


This is the type of case in which operation gives marked relief 
and in which the mortality would probably be rather high if no opera- 
tive relief was obtained. Marked evidence of duct inflammation was 
shown. However, the course of the inflammation of the gland is not 
quite so rapid as is often seen. 


Case 2.—A woman, aged 53, entered Barnes Hospital with pernicious anemia, 
for which splenectomy was performed. A few days after operation a fecal fistula 
developed. Seven days after operation, the patient complained of a pain in 
the region of the right ear. The ear was negative on examination. The follow- 
ing day, March 7, 1922, the right parotid region began to swell. Pus was 
expressed from the duct, and the papilla was slightly red. No fluctuation was 
present. The right parotid gland region was moderately swollen, edematous 
and tender. The temperature was 101 F., the pulse, 110. The next day, as 
there was greater swelling and the gland was more tender, the gland was 
explored and drained. It was found to be edematous, with necrotic areas and 
here and there a small drop of pus. Culture showed staphylococci. Con- 
valescence was immediate. However, after being up and out of bed, the patient 
developed pneumonia and died, five weeks later. 


This case corresponds more or less to the preceding case, save that 
the infection developed postoperatively in a person with a debilitating 
blood disease. This patient had special nurses and her mouth was 
washed several times a day. However, just preceding the develop- 
ment of the parotitis, she was very ill, was vomiting and had a diarrhea. 
The mouth was dry and the lips were covered with sordes. 


Case 3.—A woman, aged 35, while at St. Anthony’s Hospital, Jan. 15, 1915, 
during an attack of pneumonia, developed a mass “the size of an egg,” on the 
right side of the face in front and below the ear. The lump became hard 
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and the swelling spread rapidly. In twenty-four hours, the edema had extended 
down to the breast on the right side and to the middle of the forehead toward 
the left. The right eye was closed from edema. The swelling extended back- 
ward to the occipital region. The temperature was 102 F., the pulse, 124. 

Operation was performed forty-eight hours after onset. The usual incision 
was made, except that the incision line was extended downward to the middle 
of the neck through the deep cervical fascia. Many small abscesses were found. 
Culture showed staphylococci. The patient recovered. No note was made here of 
the condition of the parotid papilla and duct. 

Case 4.—A woman, aged 28, entered Barnes Hospital, January 28, 1923, fol- 
lowing a spontaneous abortion, nineteen days previously. Uterine infection 
followed, and a pure culture of Streptococcus viridans was obtained. The patient 
was very ill. The temperature was 103 F., the pulse 130. She had a marked 
secondary anemia, with a hemoglobin of 35 per cent. A blood transfusion was 
given two days after entrance. On that day (January 30), she complained of 
discomfort anterior to the right ear. Later that night, the right parotid region 
was very slightly swollen. The following morning, the right parotid region 
was markedly swollen, with some extension of swelling to the upper neck 
region. No fluctuation was noted. At one time, a slight amount of turbid fluid 
was expressed from Stenson’s duct. At other times, the fluid was clear. The 
papilla was not noticeably red, but the condition of profound anemia might 
have prevented redness. The patient was delirious. The temperature was 104 F., 
the pulse 120 and of very poor quality. The leukocytes numbered 10,000; 
erythrocytes, 1,720,000 before transfusion and 2,260,000 after transfusion. A 
blood culture, January 29, showed a nonhemolytic streptococcus and Staphylo- 
coccus albus (probably a contamination). Four more blood cultures were taken, 
January 30 and February 1, 5 and 15. All were negative. 

The right parotid region was incised and drained the morning after the 
evening of onset (January 31), under gas anesthesia. February 1, a right 
facial weakness was present. Culture showed Staphylococcus aureus. January 
31, Dr. Barker diagnosed a vegetative endocarditis which, from clinical signs, 
involved the aortic and mitral valves. 

On the morning of February 1, it was noted that during the night the patient 
had developed a parotid swelling on the left side. The patient’s condition was a 
little worse than at the time of the incision of the opposite parotid region and she 
was semicomatose. The left parotid was incised and drained. Culture showed 
Staphylococcus aureus. On the following day, there was a noticeable improve- 
ment. The pulse was 110, the temperature, 101.5 F. For about one week. the 
condition improved gradually. The white blood count rose to about 23,000, and 
after remaining at that figure for about ten days, gradually fell with the tempera- 
ture. The day following the first operation, a partial paralysis of the left seventh 
cranial nerve was noted. Within four days, paralysis was complete. The 
paresis of the upper facial muscles seems to be less at the present writing 
(March 13, 1923). It was thought that the facial nerve was not torn with the 
forceps, since paralysis was not complete immediately after operation. Time 
alone will tell whether the paresis is due to severing the nerve or to the 
presence of inflammatory tissue surrounding or involving the nerve. 

A superficial abscess developed on each side below the lobe of the ear over 
the posterior extension of the gland during the third week of convalescence. 
These were incised and drained under local anesthesia and caused no further 
trouble. At present (March 15, 1923), the patient is still in the hospital, but 
has a normal temperature and pulse rate. 
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Case 5.—A woman, aged 26, who entered Mullanphy Hospital, Feb. 5, 1923, 
was seen, February 13, in consultation with Dr. John Morfit, who, February 8, 
had removed a nonsuppurating appendix. The following day slight pain called 
attention to the right parotid region. The temperature was 102 F., the pulse, 90. 
The parotid region was noticeably swollen the following day, and the pain was 
more marked. Swelling and pain continued. February 11, Dr. Morfit made a 
short incision through the skin below the lobe of the ear and inserted a curved 
artery clamp, stuck upward and also forward, leaving a heavy strip of rubber 
dam in place. Culture from the gland showed Staphylococcus aureus. A free 
discharge of pus was noted from the duct. Three days later, profuse drainage 
occurred from the incision, also through the external auditory canal. The 
extreme induration persisted until the pus flow became free. The temperature 
during this time was about 102.5 F., the pulse, from 90 to 100. The temperature 
did not begin to recede until ten days after operation, subsiding gradually. The 
patient left the hospital, February 23. 

Case 6.—Woman, aged 38, who was admitted to Barnes Hospital, May 14, 
1922, with a diagnosis of duodenal ulcer, and May 15, 1922, underwent gastro- 
enterostomy and curettage, was in good condition after operation. Two days 
later, a swelling appeared over the left parotid region. During the next twelve 
hours, the swelling increased to the size of half a baseball. Induration and 
tenderness became marked over the parotid region, and the edema extended 
outward radially about 1 inch (2.5 cm.). The papilla of Stenson’s duct was 
swollen. Yellow pus could be expressed. The patient was first seen, late in 
the evening, by Dr. Blair, who advised deferring operation until morning, and 
continuing application of an icebag to the face. A culture of pus from Stenson’s 
duct showed staphylococcus and a green streptococcus. The white blood count 
was 16,900. The temperature was 102.5 F., the pulse, 128. At 2 a. m., the intern 
was called by the nurse, who said that the patient was choking but that breathing 
had been normal until a few minutes before. The patient was now pulseless 
and pale, giving an occasional gasp, with marked stridor. A tracheotomy was 
performed immediately. Respiratory reaction could not be obtained with 
artificial respiration. In this case, a question as to edema of the glottis arose. 
This seemed possible because of the rapid spread of the edema in the preceding 
twelve hours. No necropsy was obtained. 

Case 7A woman, aged 49, Feb. 22, 1922, following a gynecologic opera- 
tion, developed swelling and a tender area over the right parotid region. The 
temperature was 101 F., and white blood count, 23,000. A red parotid duct 
opening with cloudy fluid exuding was noted, and the parotid region was 
drained the following day. A culture of the pus showed a staphylococcus. 
Convalescence was rapid. 


Case 8.—A young man, aged 18, admitted to St. Anthony’s Hospital, had, 
five days after an operation for an appendix abscess, developed pain, with swell- 
ing and redness in the left parotid region. Seven days later, the right parotid 
was similarly involved. Pus could be expressed from Stenson’s duct on both 
sides. September 20, the swelling on the left began to subside, six days after 
onset. The right eye was closed from edema. September 26, there was 
fluctuation in both parotids. September 28, both parotids were incised and 
drained. A.culture showed Staphylococcus aureus. The temperature ranged 


around 101 F., the pulse, around 100. After operation, there was rapid 
convalescence. 
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This case presented a bilateral parotid infection of a typical acute 
type, save that the virulency of the infection was not so marked as in 
certain cases. 


Case 9.—A child, aged 2 years, who, in April, 1919, developed a left sided 
parotitis following bronchopneumonia, underwent incision and drainage of the 
parotid area, under gas anesthesia. Convalescence was rapid. 

Case 10.—A girl, aged 12% years, admitted to the Children’s Hospital, after 
an appendectomy which had been followed by infection of the wound, seven 
days later, developed swelling in the right parotid region, with marked tender- 
ness. The white blood count was 30,600. The following day, as the swelling 
continued to increase, the parotid area was incised lengthwise of the facial nerve, 
by the house officer. No pus was found. Three days later, the left parotid 








L 





Fig. 1 (Case 8).—Bilateral parotid abscess following operation for suppura- 
tive appendicitis. (From Blair’s Surgery and Diseases of the Mouth and 
Jaws, 1912.) 


region began to swell. Four days after the operation, both sides were equally 
swollen. The temperature was never over 101 F. Finally, seven days later, 
both parotid regions were opened, and the entire glands were found to be 
studded with abscesses. Convalescence was rapid. 

Case 11.—A boy, aged 8, admitted to Children’s Hospital, Jan. 31, 1921, with 
the history of onset of pain in the back of the neck, Jan. 17, three days after 
onset of pain, developed swelling below and in front of the right ear. The 
pain and swelling increased, and occasionally the patient had paroxysms of 
extreme pain. The temperature on admission was 39.2 C. (102.6 F.), the pulse, 
120. There was a marked swelling extending over the entire, parotid area 
downward and backward, involving the postcervical region. There was marked 
tenderness everywhere, and definite fluctuation just below and in front of the 
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ear. A profuse purulent discharge was flowing from the right external auditory 
canal. The ear drum was normal. Pus issued from a fistula into the external 
auditory canal. The white blood count was 19,400. The parotid abscess was 
incised and drained by an incision parallel with the nerve fibers. The tempera- 
ture and pulse rate returned to normal within a week. A culture showed 
Staphylococcus aureus. 

Case 12.—A boy, aged 9, entered Barnes Hospital, Jan. 1, 1915, with a 
history of pain and swelling in the right parotid region, Dec. 15, 1914, which 
increased over a period of four days. December 20, an incision was made and 
pus was evacuated. December 29, another abscess was opened. During the 
past two days, since the second abscess was opened, the pain and swelling 
had increased. When seen, he was unable to open his mouth more than 1 cm. 
The temperature was 100 F. The entire right side of the face was swollen 
from 2 cm. below the angle of the jaw to above the right eye. The eyelids were 
swollen. At a point between the zygoma and the angle of the jaw, there 
was a small incision in which a drain had been placed and from which pus was 
expressed. There was redness over the entire area. An area of induration 
extended from the level of the zygoma to about 2 cm. below the level of the 
jaw, but no definite fluctuation was noted. Jan. 1, 1915, the usual parotid inci- 
sion was made, and multiple abscesses were found. A culture showed Pneumo- 
coccus lanceolatus. During his stay in the hospital, the temperature was never 
over 100 F., and pulse never over 90. 

This is one of the few cases in the series that showed a pneumococcus. 
Drainage had not been properly made until the final operation, after which 
recovery was prompt. The infection was not particularly virulent, clinically. 

Case 13.—A girl, aged 2 years, February 1912, in the height of a lobar 
pneumonia, developed an acute parotitis of the left side. It did not cause much 
discomfort and was allowed to go on to localized abscess formation. An 
incision was made below the ear, and pus was drained. Saliva discharged for 
a few weeks, and then the fistula closed. 


In the ten cases following, the parotitis was secondary to other 
conditions, which were lethal. One cannot always be sure a given 
condition is terminal, and when there was doubt the parotid region 
was drained. The first three patients, therefore, were operated on. 
In the last seven of the ten cases, it was thought that the absolute 
hopelessness of the condition was recognized and operation was not 
advised. 


Case 14—A colored child, aged 30 months, entered Barnes Hospital in May, 
1921, with bronchopneumonia and pyelonephritis. The nonprotein nitrogen was 
120 mm. per hundred cubic centimeters. The patient had several convulsions, 
and was extremely drowsy in the meantime. Brawny swelling was present in 
the left parotid region, extending around over the mastoid to the back of the 
head. Hot wet packs were suggested at first because of the patient’s poor 
condition, but the following day the gland was incised and drained. No pus 
was found. Culture showed a staphylococcus. The patient died the day after 
operation. 

Histologic examination of a section of the gland revealed an extensive 
infiltration with lymphocytes and large mononuclears, with practically no poly- 
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morphonuclear cells, and small areas of early necrosis. The lumen j0f the 
acini contained débris and cells of the type seen elsewhere. 

The question arises in this case as to which came first, the parotitis or the 
pneumonia, and which caused death. 

Case 15.—A woman, aged 41, seen at the Missouri Baptist Hospital, March 
11, 1921, following an operation for a pelvic and a gallbladder condition rapidly 
developed sepsis and uremia. Seven days after operation, the left parotid 
became swollen, painful and tender. The patient was delirious. The parotid 
area was incised and drained the following day. Several abscesses were found. 
A culture showed Staphylococcus aureus. The patient died from general sepsis. 

Case 16.—A woman, aged 45, admitted to St. John’s Hospital with a history 
of pelvic suppuration following a gynecologic operation, March 20, 1916, three 
days later developed pain and marked swelling of the right parotid region and 
the upper neck. The patient was seen three days after the onset. She com- 








Fig. 2 (Case 16).—Extent of wound after removal of first packing. (From 
Blair’s Surgery and Diseases of the Mouth and Jaws.) 


plained of weakness of the right facial nerve. When the swelling was incised 
and drained, pus and necrotic tissue were found. The patient died, eight days 
later. Locally, the parotid infection was much improved. The original pelvic 
infection was thought to be the chief cause of death. Here, a weakness of 
the seventh nerve was noted previous to operation, which is a rare finding. 


Following are the seven cases previously mentioned, in which opera- 
tion was not advised. 


Case 17.—A woman, aged 88, who entered Barnes Hopital, October 3, and 
who was unable to answer questions in connection with her condition, had a 
gangrene of the left foot of six months’ duration, due to endarteritis obliterans. 
She had chronic nephritis and general arteriosclerosis. September 23, a swell- 
ing was said to have appeared over the left side of the face. On entrance to 
the hospital, the left parotid region was markedly swollen; the skin was tender; 
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the left eye was closed from edema, and the mouth was so dirty that inspection 
was difficult. No fluctuation was found, and operation was not advised. The 
pulse ranged from 110 to 130; the temperature from 101 to 102 F. The patient 
died on the day of admission to the hospital. At postmortem, the parotid 
contained Staphylococcus aureus. 

Pathologic examination of the parotid gland revealed numerous small 
abscesses. There was marked edema. 

Case 18.—A woman, aged 21, entered Barnes Hospital after a concentrated 
solution of potassium hydroxid had entered the bladder accidently. The bladder 
wall sloughed, and the patient became extremely toxic. Three weeks after 
entrance, a swelling of the left side of the face appeared. The maximum of 
swelling was just below the left ear lobe. 

When seen twelve hours after onset, the left parotid area was slightly 
swollen in the upper half. In the lower half and extending back behind and 
posterior to the lobe of the left ear, the swelling was marked. The area here 
was bright red. The swelling extended below the angle of the jaw onto the 
neck about 3 cm. The parotid papilla was a little swollen, and only slightly 
pink. Cloudy fluid could be squeezed from the duct. The patient was drowsy 
and looked very ill. The teeth were dry. The pulse was 100, and temperature, 
36.8 C. (98.2 F.). The brow was covered with perspiration. A culture of fluid 
from the parotid showed Staphylococcus aureus. November 18, 1922, a blood 
culture was negative. The nonprotein nitrogen was 63 mm. per hundred cubic 
centimeters. The patient died about twenty hours later. The pulse rate ran 
from 100 to 120 just before death. No marked rise in temperature was noted. 

Case 19—A man, aged 40, entered Barnes Hospital, March 1, 1918, with 
serofibrinous pleurisy of the left side and chronic nephritis. The following day, 
there was swelling over the left parotid region, which was tender and painful. 
The temperature was 102 F. in the morning. In the evening, the temperature 
was 105 F., and the pulse, 140. There was no improvement the following day, 
and the day thereafter he died. Operation was not advised, because the patient 
seemed nearly moribund. 


Case 20.—A man, aged 45, entered Barnes Hospital, March 6, 1915, with 
hypertension (blood pressure, systolic 255, diastolic, 225) uremia, chronic 
nephritis and albuminuric retinitis. April 3, swelling developed over the left 
parotid, with redness and tenderness. Pus exuded from the left parotid duct; 
the right was normal. The temperature was 100 F. The following day, the 
swelling increased, extending back over the mastoid process. The jaws opened 
with difficulty. Before death, the patient became delirious and had several 
general convulsions. Operation was not advised because the patient seemed 
beyond help. The temperature was 103 F., the pulse, from 130 to 140. The 
patient died on the second day following the development of the parotid infection. 

Case 21—A woman, aged 40, seen at Washington University Hospital, had, 
following a gynecologic operation, developed a typical acute parotitis, which 
resulted in death within forty-eight hours. The patient was nearly moribund 
when seen. No operation was advised. 

Case 22.—A woman, aged 77, who entered Barnes Hospital, March 8,: 1922, 
had undergone a pelvic operation, March 10. She reacted poorly after the opera- 
tion, and her condition became serious. April 2, it was noted that both parotid 
regions were “full.” The pulse was 120, the temperature, 99.5 F. She had 
been delirious for several days previous to the onset of the parotid infection. 


Death ensued forty-eight hours after onset. Symptoms of pneumonia developed 
toward the end. 
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Case 23.—A woman, aged 30, entered Barnes Hospital, Dec. 26, 1920, because 
of a severe toxemia of pregnancy, with intense vomiting. A therapeutic abor- 
tion was performed, Jan. 6, 1921. A uterine infection followed. The throat 
became red and sore, January 19. Two days later, the patient complained of 
pain in the region of the right parotid. A slight swelling was noted in the 
parotid region, but this did not increase noticeably during the remaining eight 
days of life. She was delirious and very ill throughout this period. A positive 
Streptococcus hemolyticus blood culture was obtained, January 23 and 24. 
January 23, the white blood count was 7,950, the pulse ran about 130 during 
the infection, and temperature, from 103 to 104. No necropsy was performed. 

Although there is no definite evidence, clinically, one would not suspect this 
parotitis of being caused by the same organism as that found in the blood. The 
local reaction was not severe at any time. The preceding sore throat may 
possibly have contributed to the parotitis. 


The following cases represent an acute type of duct ascending infec- 
tion which is less common. The onset is less acute and the course mild 
in comparison with the typical severe form. In these cases, the parotid 
symptoms disappeared. Hot packs or ice bags gave relief. 


Case 24.—A man, aged 30, seen at Hotel Statler, with double pneumonia, 
which began March 6, 1922, March 8, developed a moderate swelling over the 
parotid regions. Pain and tenderness were slight. The temperature varied 
from 100 to 102 F., the pulse from 80 to 90. The parotid papillae were pink, 
and cloudy mucus could be expressed from both ducts within the mouth. The 
swelling on the right side began to subside the day following onset, and the left 
gland, the next day. For two days the mucopurulent discharge into the mouth 
continued. Convalescence from the parotitis was clinically complete at the 
end of five days. 

Case 25.—A colored man, aged 44, entered Barnes Hospital, Feb. 8, 1920, 
with bronchopneumonia. While convalescing, six days after entrance, he 
developed a swelling of the left parotid region, with moderate pain and tender- 
ness, localized in that region. On examination of the duct, cloudy mucus was 
expressed, and there was a red dot with a halo surrounding it within the mouth, 
representing the papilla. The swelling was stationary for three days, and 
then began to subside. A week after onset, it had disappeared. During the 
acute stage of the infection, the temperature was never over 100.5 F., and the 
pulse was never above 84. 

Case 26.—A child, aged 18 months, entered Children’s Hospital, April 7, 
1920, with a history of convulsions. The temperature was 104 F. The right 
parotid was swollen to the size of an egg, and the left parotid was slightly 
enlarged. The skin above was slightly red and shiny. The white blood count 
was 20,300. No fluctuation was noted. No note was made in regard to the 
papilla. The pediatrician said the condition was not mumps. After two days, 
the swelling and fever began to subside. The patient left the hospital in one 
week, with the parotid swelling nearly gone. 

Case 27.—A woman, aged 28, who entered the Deaconess Hospital, Feb. 
24, 1923, had been operated on by Dr. M. M. Hamlin six days previously for an 
old salpingitis. There was no postoperative reaction for three days immediately 
following. Three days previous to consultation, swelling appeared under the 
lobe of the left ear, with pain localized in the parotid region. The temperature 
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was 102 F. The swelling increased until it covered the whole side of the face. 
However, the swelling was said to be more marked the day previous than the 
day of consultation; the temperature was a little less, 1008 F., and the 
pulse was 100. The patient was nervous and pale. The gland was tender, but 
there was no fluctuation. Inside of the mouth was an enlarged papilla, with 
a drop of pus exuding. That morning, Dr. Hamlin made a small incision in 
front of the lobe of the ear, but obtained no pus, and none drained from the 
incision later. Without drainage, the swelling subsided within ten days. The 
pain was controlled with one-eighth grain of morphin, given twice in twenty-four 
hours. 

Case 28.—A woman, aged 24, admitted to Barnes Hospital, July 15, 1912, 
with a history of having had pain in the lip and cheek one week before, which 
disappeared in one day, was well until twenty-four hours before admission, 
when a swelling appeared in the right cheek below and in front of the ear. 
Eight hours previously, she thought she had fever. There was moderate swell- 
ing of the parotid. The swelling and discomfort subsided in seven days. The 
temperature was 103 F. on admission; the pulse, 120. Temperature, pulse, 
tenderness and pain gradually subsided. 

Case 29.—A child, aged 4 years, entered the Children’s Hospital, with 
pneumonia and a temperature of 103 F., Jan. 8, 1920. One week later, swelling 
of the right side of the face developed anterior to the ear, extending down and 
back below the ear. The mass was firm, tense and not very painful. The 
throat was red and sore. The following day signs of empyema were noted. 
The chest was aspirated and pus found. The parotid swelling remained 
stationary for two days. The duct was red at the papilla. In four days, the 
swelling had disappeared. Six days after onset of the parotid infection, a rib 
resection was performed. At this time, a blood culture showed Streptococcus 
hemolyticus. Seven days after the rib resection, the child died. 

It will be noted here that the parotitis had subsided before the rib resection, 
and it seems most probable that the parotid infection had little to do with the 
child’s death. 


Included in the group of acute and subacute inflammations in which 
there was recovery without surgery, there is a type of case whose course 
is characterized by exacerbations of slight pain and moderate swelling, 
with, or sometimes without, the general symptoms of a mild infection. 
The question arises as to whether these do not belong to the second 
group, the obstructive parotitis. There were typical obstructive symp- 
toms, but no previous attacks. Clinically, the differentiation is some- 
times difficult. The two cases which follow are of this type. 


Case 30.—A woman, aged 72, admitted to St. Luke’s Hospital, with a com- 
plaint of lymphangitis of the leg, developing from an ulcer on the right ankle, 
also had a general carcinomatosis with ascites. March 6, there was pain with 
moderate swelling and tenderness in the right parotid region. The tempera- 
ture was 99.8 F., the pulse, 80. After twelve hours, the swelling and tenderness 
of the parotid region began to subside and in three days it had disappeared. 
In another two days, the pain, tenderness and swelling reappeared, and again it 
subsided. Finally, a third exacerbation occurred. After thirty days, the swell- 
ing completely subsided, and there was no further trouble. 
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Case 31—A woman, aged 60, following a cholecystectomy, developed swell- 
ing and tenderness of the left parotid, which began to subside after twenty-four 
hours. The temperature was 102 F. March 9, swelling and tenderness appeared 
in the right parotid. The temperature was 102.5 F. This also began to subside 
in twenty-four hours. Swelling and discomfort reappeared several times during 
a period of thirty days. Both finally subsided completely. 


There is evidence to warrant the belief that a blood-borne infection 
is an occasional cause of acute suppurative parotitis, but we have no 
absolute proof of such an etiology in any of our cases. This is probably 
due to the fact that blood cultures were not taken in certain cases, or 
were not taken often enough, or that the gland was not opened and 
cultured coincidently with the blood culture, so that the more convincing 
laboratory proof was not obtained. Evidence of duct infection, such 














Fig. 3 (Case 32).—Appearance of wound with packing in place. (From 
Blair’s Surgery and Diseases of the Mouth and Jaws.) 


as reddening of the papilla and exudation of purulent saliva, was sought 
and not found in the three cases listed etiologically as possibly of this 
type. Clinically, a streptococcus septicemia was present in one, and 
in another a streptococcus was found in the blood. 


Case 32.—A woman, aged 52 entered St. Anthony’s Hospital, Feb. 13, 1915, 
with a clinical diagnosis of carcinoma of the stomach with peritonitis, from the 
history and physical findings. February 16, she developed marked swelling in 
both parotid regions, with severe pain and exquisite tenderness. No fluctuation 
was present. The openings of Stenson’s ducts were not red, and no pus was 
expressed from the ducts. The process progressed, and two days later, a 
bilateral typical incision and drainage of the parotid glands was made. The 
gland showed marked edema and some necrotic areas. No frank pus was noted. 
At the time of operation, the temperature was 99.5 F., the pulse, 110. Later, 
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the temperature went to 102.5 F., the pulse to 140. She developed a purpura 
of the trunk and the extremities, with edema of the extremities, and murmurs 
in the heart considered characteristic of an acute endocarditis. She died, 
February 24. Clinically, one would say this patient had a septicemia. A blood 
culture was not made. The fact that the gross evidence of the blood infection 
developed after the parotid inflammation raised the question as to whether 
there was a septicemia previous to the parotid infection or merely afterward. 

Case 33.—A woman, aged 54, entered Barnes Hospital, Dec. 29, 1920, with 
carcinoma of the breast, for which operation was performed, Jan. 4, 1921. 
January 11, the temperature was high, the pulse rose to from 140 to 160, and 
the condition became critical, bronchopneumonia developing. At necropsy, 
a lung abscess and an osteomyelitis of one rib were also found. A hemolytic 
streptococcus septicemia was shown by blood culture. During the last thirty- 
six hours of life, there was moderate swelling of the left parotid gland, with 
moderate tenderness and no evidence of fluctuation. No pus was noted from 
the duct within the mouth. During the few hours before death, the condition 
progressed slowly. As the general condition was practically hopeless, operation 
was not advised. 

Case 34.—A man, aged 39, seen at the Missouri Baptist Sanitarium, while 
convalescing from a fractured rib sustained in an automobile accident, developed 
pneumonia. A blood culture, April 1, was negative. April 4, the left parotid 
region began to swell and to be painful. The swelling extended rapidly, with 
a high abrupt edge, over the side of the face, head, neck and chest. There 
was also a marked edema of the pharynx. The swelling increased during the 
next twenty hours. Respiration became embarrassed. The temperature rose 
to 103, the pulse to 120. The white blood count was 18,000. No pus could be 
expressed from the duct within the mouth, and the papilla was not reddened. 
Forty-eight hours after onset of the infection, the left parotid was drained in 
the usual manner. 

A swollen edematous gland was found, with necrotic areas and many 
abscesses here and there. At the time of operation, the patient was in a 
critical condition. He died in twenty-four hours. Necropsy revealed broncho- 
pneumonia and a hypernephroma, which was undiagnosed before death. Culture 
of the parotid at the time of operation showed a long chain streptococcus. 
This case, clinically, conforms to a typical picture of a blood-borne infection. 
However, the blood culture taken three days before onset of the acute parotid 
inflammation was negative. No evidence of a duct infection was found. 


Analogy would suggest the possibility of infection being borne by 
the lymphatic channels. The following case is the only instance we 
have to present of the likelihood of this mode of transmission. How- 
ever, in spite of negative blood cultures, a hematogenous origin cannot 
be excluded. 


Case 35.—A woman, aged 70, entered Barnes Hospital, Jan. 8, 1922, with 
a centrally placed lacerated wound of the forehead, caused by falling on a 
broken dish. The wound was excised and sutured, but it became infected and 
broke down. A culture of the wound showed a streptococcus. February 12, 
the patient developed a temperature of 105 F. and had a chill. Examination 
revealed a bilateral swelling in both parotid regions. The duct papilla of the 
gland. showed no reddening, nor exudation of pus. The pulse was 110; the 
white blood count, 23,000. The condition progressed locally and generally. 
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There was no fluctuation. The patient was delirious. Two days after onset, 
a bilateral incision was made and drainage in the usual manner was carried 
out. Tense gland capsules were found which, when torn with a hemostat, 
showed glandular necrosis here and there. No frank pus was noted. A culture 
showed streptococcus. 

Two days after the first parotid incision, the constitutional symptoms 
returned with all their original severity, including a high grade delirium. Some 
induration was found about the lower pole of the right parotid. Under gas 
anesthesia, forceps were forced into the indurated area, and a little pus was 
liberated. The constitutional symptoms and the delirium promptly subsided. 
Two days later erysipelas of the face and head developed, from which there 
was recovery in ten days. Blood cultures taken twice were negative. Most of 
the parotid swelling subsided within three days of the first operation. The 
wound granulated and closed quickly. 


Here, as will be noted, the location of the original wound is in the 
lymphatic radius of the parotid lymphatic system. 


ACUTE PYOGENIC PAROTITIS 

Occurrence.—As_ previously mentioned, acute parotitis usually 
follows as a complication of a postoperative state, of an infected wound 
or of an acute infectious disease, or as a part of a terminal condition. 
In certain instances, it seemed to follow an acute form of pharyngitis. 
Occurrence is most frequent in adults, especially after the third decade 
of life, but may occur in adolescence, childhood or infancy. Of our 
cases, twenty-six of the thirty-five occurred in adults, and seventeen of 
the twenty-six adult cases occurred after the third decade. Cases in 
females were slightly in the majority (twenty-four of the thirty-five 
cases). In this climate, there is quite a predominence of cases during 
and between the months of November and April, when respiratory 
infections are most common. Thirty of the thirty-five cases occurred 
during this period. Two of the cases which developed during the 
other six months of the year accompanied terminal states. One fol- 
lowed infected wounds, and one occurred postoperatively. The fifth 
case had no definite predisposing factor in the history. 


Seasonal Incidence-——This is shown in the accompanying table. 


SEASONAL INCIDENCE OF PAROTITIS 


No. of No. of 

Month Cases Month Cases 
OOS POLE ONE | 7 ae teri e. to atasa rater pla ee Rn 1 
ee Sr ey ee 8 I adh or wig S Senin Sees 0 
EE a eee 9 RE 59 6:0. 00:e-boen aa Camere be 1 
SE er Sina.d clown nec eeemed es eee 3 eS caeiciecceke hn eca ees 2 
ME iGo Wed + cused daseeenehe 1 EN ie neivict Socky ese ceaens 2 
DE. ph btlisd ix daxeckere cakes 0 ROU, 5 i, odes 4 Owicdsinc demain 1 


Complication.—Pneumonia was present in nearly one third of the 
cases, eleven out of the thirty-five; and in four others, there was a 
definite history of a preceding “cold” or sore throat. About one fifth 
of the cases were bilateral (seven of thirty-five). 
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Bacteriology—The most common infecting organism, in our cases 
at least, was a staphylococcus. Of eighteen cases which came to 
operation, five have no report of a culture and nine showed a staphylo- 
coccus in pure culture. In four of the nine cases, the organism was 
Staphylococcus aureus. The five others have no designation of the 
type of staphylococcus. One case showed Pneumococcus lanceolatus, 
and two cases showed a streptococcus in pure culture, type not desig- 
nated. One case in which operation was not performed but in which a 
postmortem culture of the parotid pus was made, a staphylococcus was 
found. In two cases in which operation was not performed, the pus 
from the parotid duct showed a staphylococcus in pure culture in one 
case, and a staphylococcus and green streptococcus in the other. 

The two cases showing a streptococcus were of an extremely viru- 
lent type. One patient died, and one recovered following incision and 
drainage. 

Clinical Course —The symptoms may be mild, with little fever, with 
mere discomfort or moderate pain and slight swelling limited to the 
parotid region; or they may be extremely severe from the first, with 
all the clinical symptoms and laboratory findings of a severe infection, 
including great pain in the gland, chills, high fever, and marked swelling, 
first in the gland, and later a rapidly spreading cellulitis of the neck, 
head and face. 

As the infection spreads, edema sometimes closes the eye (Cases 1, 
3, 8, 12, 17), and may involve the neck down to the clavicle (Cases 1, 
16) or even the breast (Case 3), or may extend backward over the mas- 
toid process (Cases 3, 11, 14, 20). In one case (Case 34), the swelling 
extended into the pharynx, and for a time threatened the air way; 
while in another case (Case 6), the occurrence of death during a period 
of acute swelling suggested the possibility of edema of the glottis. The 
duct in the mouth, in the majority of cases, where record was made, 
showed signs of an inflammatory reaction, as manifested by a pink or 
red swollen papilla with, when most pronounced, a partially everted 
duct mucosa. Usually, saliva flowing from the duct will vary from 
the faintest cloudiness to frank pus. In certain cases, which were of 
the severer type and were suspected clinically of being blood borne, 
but in which laboratory evidence was not complete enough to be con- 
vincing, no evidence of duct infection or infected saliva was found. 

Twenty-four hours preceding the onset of the evident parotid infec- 
tion, one patient (Case 2) complained of pain in the ear, and another 
(Case 11) complained of pain in the back of the neck, forty-eight 
hours before the evident parotitis. After the onset, only one patient 
(Case 11) complained of pain, during paroxysms. Several patients 
became delirious (Cases 4, 15, 20, 22, 23, 35). Four patients had con- 
vulsions, but three of these had uremia, so that some doubt might arise 
as to the origin of the convulsions. In the fourth case (Case 26), there 
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was no such conflicting data, as the child recovered promptly on the 
subsidence of the parotid inflammation. One patient (Case 17) was 
admitted in coma, but she had gangrene of the foot and leg and chronic 
nephritis. Several patients (Cases 1, 12, 20) could not open the 
mouth because of spasm of the muscles of mastication. Only one 
patient (Case 16) showed a seventh nerve weakness. In one case 
(Case 11) otitis media was at first suspected, in conjunction with a 
parotid infection, until it was found that the ear drum was normal 
and that there was a sinus from a parotid abscess discharging pus 
into the external auditory canal. When a parotitis develops as a part 
of a terminal process, death very often occurs in the stage of simple 
swelling (Cases 18, 19, 21, 22, 23, 33). 

Diagnosis —The diagnostic features are the preceding injury, opera- 
tion, disease or nasopharyngeal infection; the discomfort or pain in the 
cheek ; the swelling and tenderness corresponding to the location of the 
gland and, in the majority of cases, the constitutional and laboratory 
signs of a pyogenic infection. The discomfort may be slight, but is 
seldom entirely absent. In severe forms, the pain becomes more or less 
unbearable. The swelling may be very slight, possibly not involving 
the whole gland, and being confined under the tense parotid sheath and 
somewhat difficult to make out. It is sometimes manifested as a sense 
of increased resistance to the palpating finger rather than an evident 
swelling. In some of the more severe cases, the swelling of the gland 
itself may be masked by a severe and rapidly spreading edema of the 
temple, cheek and neck. 

In the latter cases, if the patient is conscious, the location of the 
tenderness is a particularly valuable diagnostic feature and may help 
to differentiate a parotid infection from an inflammation situated under 
the temporal fascia, but not from a subparotid focus. We have had 
two cases in which the true location of a subparotid infection was 
determined by a transparotid operation. In seeking the parotid swelling 
and tenderness, it is to be borne in mind that the gland runs forward 
below the lower border of the zygoma and extends backward behind 
the ramus of the jaw below the lobe of the ear. On looking into the 
mouth, if it can be opened, and examining the exit for the parotid 
excretory duct opposite the second molar tooth, usually one saw a 
minute red spot representing the meatus, and, on stripping the duct, 
in the majority of cases faintly cloudy or more frankly purulent saliva 
was expressed. There may be almost any grade of constitutional 
symptoms, depending on the severity of the infection and the reac- 
tionary powers. The temperature may be as high as from 103 to 105 F., 
with a corresponding pulse rate of from 110 to 130. Among the types 
of low virulence, some had no elevation of pulse rate and a temperature 
of not over 99 or 99.5 F. In certain cases, in which patients already 
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debilitated by a terminal illness developed parotitis in the last twenty- 
four to forty-eight hours of life, there was little local or general reac- 
tion. The leukocyte count varied from 9,000 to 10,000, to as high as 
23,000 to 25,000. 

We have had two cases of subtemporal abscess of dental origin that 
presented some diagnostic difficulty. In both, the typical parotid 
approach was made, and the abscess was drained through the parotid 
gland. These two are not listed as cases of infection of the parotid. 


A man, aged 25, who entered Barnes Hospital, May 18, had had a tooth 
pulled May 9. Infection about the tooth was noted, May 16. The next day, 
the right cheek began to swell. The swelling continued. The pulse was 100. 
On examination, the right cheek from the angle of the jaw to above the right 
ear was markedly swollen, red and tender. Induration seemed more marked 
over the right parotid than elsewhere. No fluctuation was noted. The white 
blood count was 18,000; pulse, 110, and temperature, 102 F. A transparotid 
incision was made, as pus was suspected near the parotid. Pus was found 
beneath the temporal muscle. 

A woman, aged 30, following extraction of the left molar tooth in an acute 
stage of a spreading infection, presented symptoms that seemed to localize in 
the parotid gland of the left side, but there was no evidence of involvement 
of the duct. On exploring the parotid gland in the usual manner, it was found 
that there was an extension downward of a temporal abscess to the parotid 
gland, but the gland itself was not involved. 


Prognosis—lf we include Cases 30 and 31, we have here reported 
thirty-five cases of acute parotitis. The death rate for the whole 
series was 42.8 per cent. (fifteen cases). 

Of these thirty-five cases, eight (Cases 24 to 31) were so mild as 
to require no treatment. Eight cases (Cases 17-23, 33) were terminal 
involvements for which no special parotid treatment was given. One 
patient (Case 6) who died of undetermined cause possibly might have 
been saved by timely operation. Of the sixteen patients operated on, 
five died before the parotid wound healed. Three patients (Cases 14, 
15, 34) were fatally ill at the time the parotitis developed, and this 
condition was not considered the cause of death. Eleven of the fifteen 
patients operated on survived. Of these, three (Cases 3, 4, 35), it 
is believed, were probably saved by operation, while in the other eight, 
judging by Cases 10 and 12, the operation at least materially sped the 
convalescence. Naturally, cases in which the parotid infection was but 
one evidence of a terminal condition in an essentially fatal malady 
were not favorably influenced by any form of treatment. 


Treatment.—The evidently mild cases (Cases 24, 25, 26, 28) were 
given no special treatment other than possibly the application of heat 
or cold; while in the more severe (Cases 1, 2, 3, 4, 35, etc.), when not 
unmistakably a part of a terminal condition, the patients were operated 
on as soon as it appeared probable that the gland infection would not 
subside spontaneously. We have followed the rule of opening the 
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gland in all doubtful cases not later than within the second twenty-four 
hours, and believe that it is a more serious error to delay too long than 
to incise the gland unnecessarily. With regard to these doubtful cases, 
our own experience has caused us to swing gradually toward the 
rules governing appendicitis : operate and observe afterward. The local 
changes in the gland that operation seeks to prevent are gangrene and 
suppuration. The latter is often of a diffused miliary type. The 
operation therefore consists of exposing the gland by splitting the 
capsule and also puncturing the parenchyma for drainage. 

Noticeable scarring is prevented by placing the greater part of the 
skin incision in the angle at the junction of the cheek with the ear. 
Free access is obtained by exposing the whole gland, and the motor 
facial nerve is safeguarded by puncturing the gland with blunt forceps. 
The incision starts 2 cm. in front of the ear at the lower border of 
the zygoma, running back to the ear and then downward to behind and 
below the angle of the jaw. This incision, which is made with one 
sweep of the knife, goes to, or just through, the capsule of the gland. 
Along this line, the facial nerve lies quite deep. A flap of skin and 
superficial fascia is stripped forward with sharp rake retractors; the 
capsule is stripped off the whole gland, and its parenchyma is punctured 
and torn in numerous places. It is important that the whole gland be 
exposed and explored. Usually, the parts behind the lobe of the ear 
and along the origin of Stenson’s duct are the ones missed. We have had 
to reoperate in certain cases on this account. The wound is packed 
wide open with gauze and bandaged with some pressure. Spontaneous 
closure of the wound with a very slight scar follows, with the recovery 
of the patient. 

Usually relief of all symptoms is almost immediate, but repuncture 
of the gland had been necessary in some cases (Cases 4, 35) when 
the original exposure was not complete. 

In sixteen of our thirty-five cases, radical incision and drainage was 
necessary. Nine of the cases were considered hopeless when seen, and 
operation was not advised. In seven cases the swelling subsided 
without operation. 

Direct incision of the gland may be followed by a salivary fistula. 
We had three cases in which this had occurred at a previous operation. 
In one of these, the fistula was bilateral. 

Two cases follow. The third case is Case 50. 


Case 36.—A boy, aged 12 months, congenitally syphilitic, seen at the Chil- 
dren’s Hospital, when 4 months of age, had had a parotid abscess opened and 
drained by direct incision. Since then, saliva has discharged from a sinus 
beneath and back of the lobe of the right ear. When food was taken, saliva 
flowed more freely. Methylene blue was injected into the sinus tract, which, 
with the tributary part of the gland, was excised, exposing the trunk of the 
seventh nerve. Uneventful recovery followed. 
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Case 37.—A boy, aged 18 years, seen at Barnes Hospital, at 1 year of 
age had had a double parotid abscess, one on each side, incised and drained. 
A salivary fistula of each gland had persisted ever since. The location of the 
fistulas, the treatment and the results were the same as in Case 36. 


PAROTITIS ASSOCIATED WITH OBSTRUCTION 


In each of the following cases, there was something which sug- 
gested that the glandular trouble was associated with, or dependent on, 
a partial obstruction of the duct, and that when suppuration occurred 








Fig. 4 (Case 38).—Arrow points to shadows, three in number, which proved 
to be dense hard particles, all included in one calculus the size of a navy bean. 


it was secondary to this obstruction. Stones were demonstrated in a 
few of these cases. Complete obstruction will usually be followed by 
complete atrophy of the gland. We have had many illustrations of this 
following cancer operations. (Tait? discusses this pathologic change.) 


Case 38.—A man, aged 39, who entered Mullanphy Hospital, July 24, 1922, 
about 5 years before first noted a swelling in the left parotid region, which 


1. Tait: Fibrous Atrophy of Parotid Gland, Surg., Gynec. & Obst. 14:419, 
1919, 
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was reduced by a sulpho-ichthyolate preparation and hot applications. Two 
or three times a year since then, there has been a swelling in this region, 
which usually came on during meals, but sometimes between meals. The swell- 
ing could be diminished by massage. The swelling of the gland had appeared 
more frequently during the last six months. The present swelling began five 
days previously. He noted pus in his mouth. The swelling and pain increased 
for three days. The pain practically subsided for one night, and then returned 
with renewed vigor for the following forty-eight hours. 

Examination revealed a large swelling over the left parotid region. The 
skin was brownish from sulpho-ichthyolate applications. There was a sug- 
gestion of fluctuation in the center. The whole gland region was very tender 
and warm. Thick pus exuded from the parotid duct opening. The patient was 
comfortable at the time of examination. The temperature was 102 F., the 
pulse, 100. 

Roentgenograms showed three small shadows in the parotid region, which 
were taken to be stones. During the following day, the pain increased. When 
the gland was explored by the usual method (previously described), an abscess 
cavity about 2 cm. in diameter was found, containing thick pus. No stone was 
found. The wound was packed wide open. 

About five days later, when the packing was removed and a curet passed into 
the cavity, a stone the size of navy bean, which had three small dense areas 
in it, was removed. The one stone was thought to account for the three shadows 
seen in the roentgenogram. Each was about 3 mm. in size, and they were close 
together. Convalescence was rapid. 


This represents a typical case in which a stone contributed to the 
obstruction. The history is rather typical; that is, the trouble began 
five years previously with exacerbations of swelling and pain occurring 
at varying intervals, and most often the swelling occurred during meals. 
The lesion gradually became more marked, and finally terminated in 
abscess. 


Case 39.—A woman, aged 31, seen Jan. 27, 1916, eight years previously had 
had a swelling below the lobe of the left ear. This recurred several times. 
Five years previously, the swelling appeared in front of the ear. The swelling 
was increased immediately when acids were taken into the mouth, and the 
discomfort increased to pain for a period of two hours. (After the removal 
of a crowned second bicuspid, the swelling in front of the ear disappeared 
for three months.) The swelling and tenderness had been present in the 
parotid and also in the submaxillary region for a few months before admission 
to hospital. Roentgenograms showed a shadow in the parotid gland region. 

The patient was operated on, February 1. An incision 1% inches long was 
made in the crease just in front of the ear. The tissues were dissected from 
the parotid gland forward to the supposed location of the stone. The gland 
was incised in the direction of the duct, and a stone 3 mm. in diameter was 
removed. A probe was passed into the duct which entered well into the cheek. 
The pain was not relieved, and February 10, the old wound was reopened and 
three small stones were found at the depth of 2 cm. from the point where the 
first stone was removed. 


This case is similar to the one preceding, except that the patient 
was operated on at a time when the inflammatory condition was more 
or less quiescent. The diagnosis was confirmed by roentgenograms 
before operation. 
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Case 40.—A man, aged 36, seen May 18, 1919, had noticed a feeling of stiffness 
in the right jaw, five weeks previously, after his noon meal. The jaw gradually 
became swollen, and he painted it with iodin. The patient remembered that, 
five years previously while eating a teal duck, he had pain in the right cheek 
and a lump appeared the size of an egg in front of the ear. On examination, 
swelling was found over the parotid region and extending forward on the 
cheek 2 inches (5 cm.) in diameter. Fluctuation was present. A muco- 
cheesy discharge oozed from the parotid duct within the mouth. A roent- 
genogram showed, on three different plates, a shadow of a small object that 
might be in the duct. Thick mucopurulent material was aspirated from the 
cheek. Operation was advised, but the patient did not return. 

Case 41—A woman, aged 46, seen Dec. 6, 1919, gave a history of stiffness 
or soreness in the right face and jaw region when she was eating. In the 
evening when she was tired, it was more noticeable, but she had no real pain. 
There was occasionally a swelling in front of and below the right ear. On 
examination, the temperature and pulse rate were normal. A very slight 
thickening of the right parotid region was noted. It was not tender. A probe 
was passed into the parotid duct, and a roentgenogram taken, which showed 
a small stone at the end of the probe. December 11, operation was performed. 
The opening of the parotid duct was caught with towel clips. A “U” shaped 
incision was made conversely forward in front of the duct. Through this inci- 
sion, a cleavage plane was made just superficial to the duct, through which it 
could be followed backward to the masseter muscle. The facial artery was 
retracted outward from the duct. The stone was not felt. An incision was 
made transversely over the duct on the cheek, 1% inches (4.3 cm.) long, cor- 
responding with the anterior border of the masseter muscle. The duct was 
then identified by intermittent traction on the towel clip. The stone was found 
over the edge of the border of the masseter muscle and removed by an incision 
parallel with the axis of the duct. Three months later, the patient still com- 
plained of stiffness and swelling in the right side of the face. The duct was 
probed. No obstruction was found, and it drained freely. The trouble con- 
tinued for a year, when the patient still had a swollen lower half of the 
parotid gland. She was advised to have the lower part of the gland removed. 


The following case of submaxillary duct blockage is quoted to 
illustrate a condition which we believe possible in the parotid as well 
as in the submaxillary gland, although we have no case history of 
such a condition. The case which follows (Case 43) seems closely 
identified with it in type. We feel that the relationship, anatomically 
and functionally, of the submaxillary gland to the parotid gland is near 
enough possibly to allow the same condition to be present. 


Case 42.—A man, aged 55, of careful habits, without previous history 
of any kind of trouble in the salivary glands or ducts, one morning, on first 
taking food, had an obstruction of both Wharton’s ducts, which persisted 
more or less all day. When a probe was passed into each duct, there followed 
a free flow of saliva that showed no visible pus or mucus. The symptoms 
did not recur. The possible etiologic factor was a dinner the previous evening 
in which both food and drinks were unusually rich and plentiful. Here the 


swelling of the mucosa or a plug of mucus was thought the most likely cause 
of the obstruction. 
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Case 43.—A man, aged 40, seen Oct. 3, 1922, one and a half years previously, 
had a swelling of the left parotid region that developed during the night. No 
pain was present, only a slight discomfort. The duct was probed the follow: 
ing morning. The swelling had appeared about every three months. No 
relationship to meals was noted. Three times previously, the duct had been 
probed with relief of swelling. The right submaxillary region became swollen 
for the first time without pain the night before he was seen. Only a slight 
discomfort was noted. On examination, the right submaxillary gland was 
slightly distended. A slight amount of clear saliva ran from the papilla. A 
probe was passed into the duct, and on removal, a gush of saliva followed. 
No thickening of the duct was felt. A probe was passed into the left parotid 
duct. The papilla seemed small. Clear saliva flowed before passage of the 
probe, and after passage, there was evidently no increase of flow. 


The nine cases which follow represent more chronic types in which 
the presenting symptom is lack of free drainage of saliva and in which, 
from the history, it appears to have recurred several times. In the 
first three cases, the duct was split at operation, which was performed 
with the idea of widening the meatal constriction to aid drainage. 


Case 44.—A woman, aged 54, first seen Jan. 18, 1922, gave a history of 
swelling of both parotid glands, over a period of three or four years, and 
occurring at varying intervals. The patient thought a cold might have brought 
it on. On the third day following a tonsillectomy, in December, 1921, a large 
swelling appeared on the left side, which did not subside for ten or twelve days. 
According to the patient, massage sometimes expressed saliva and sometimes 
“phlegm.” There was no connection between swelling or pain and the taking 
of food. On examination, no induration of the gland was felt. A probe was 
passed on both sides, after which a small amount of mucus was expressed 
from the left duct, which was affected more. 

The opening of the left duct was incised and the mucosa sutured open, as 
described later; and the right duct was dilated with a probe. Two days later, 
the patient had a slight swelling of the right gland. At the present date, one 
year later, she has had no recurrence of symptoms. 

Case 45.—A boy, aged 6, seen March 15, 1922, for two years had had a 
lump in the lower part of the left parotid gland region that fluctuated in size. 
It disappeared for a week or two, and then returned. It was never red. When 
the parotid region was swollen, eating caused pain. When the cheek was 
massaged while the lump was present, pus was expressed into the mouth, and 
the patient became more comfortable. When the lump was largest, he became 
pale, and had headaches and slight fever. Examination revealed a mass in the 
left parotid region elevated 1 cm. above the normal contour of the parotid gland 
area. Massage caused the lump to become smaller and softer. Cloudy saliva 
flowed from the duct. Roentgenograms were negative. The duct opening was 
split, in a manner described later, and gentle massage was recommended. When 
seen last, about one month later, he still had slight swelling of the gland, but 
it was considerably less. A probe was passed, and the fulness was found to 
have disappeared. No further trouble has been reported up to the present time, 
ten months later. 


Case 46.—A woman, aged 42, seen Aug. 15, 1921, in January, 1918, had had 
an upper right tooth extracted, after which pain and swelling appeared in the 
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right cheek anterior to the ear. In August, 1918, a piece of root was removed. 
She again had pain and swelling in the right side of the face, after which 
there was a discharge of clear fluid into the mouth, and the swelling dis- 
appeared. When the face was swollen, eating increased the pain. On examina- 
tion, excessive secretion was found, flowing from the parotid duct on the right, 
and distending the duct slightly. The duct was split for one-quarter inch, and 
the lining mucous membrane was sutured to the mucus membrane of the cheek 
to give free drainage. The patient was seen one year later, and had had no 
further trouble. 

Case 47.—A woman, aged 30, seen Nov. 7, 1916, one and a half years pre- 
viously had received throat treatment. The throat was sprayed, and the same 
day she noted a swelling in front of the ear. This swelling appeared and 
then slowly disappeared several times. Previous to November, the swelling 
had not appeared since June. Eating did not seem to affect the swelling. At 
times, there was a discharge of stringy mucus in the mouth. The patient 
thought that a cold seemed to bring on the swelling. Usually there was a slight 
amount of swelling for about two weeks after the acute swelling had subsided. 
There was a discharge of thick mucus and pus. A probe was passed and the 
duct dilated. The patient was seen again, March 24, 1917; she had had no 
further trouble. She promised to return again if there was any trouble. 


This case represents the only one with a recurrent swelling in which 
dilation with a probe seemed to give relief. 


Case 48.—A woman, aged 73 years, who entered Barnes Hospital, Jan. 7, 
1921, since June, 1920, about once a month on an average, had had a swelling 
of both parotid regions. She noticed pus on her false teeth, and thought she 
had some fever during the attacks. On eating, the discomfort was exaggerated. 
Cloudy mucus was expressed from both ducts. The patient was advised to 
have a probe passed at regular intervals when it was found that the roent- 
genograms were negative. She was not seen again. 

Case 49.—A man, aged 23, seen April 16, 1919, had a chronic infection of 
the nasopharynx and pansinusitis. He gave a history of cloudy discharge 
from the salivary ducts for two years, without pain in the region of the salivary 
glands. The parotid ducts showed no secretion. A stone 1 mm. in diameter 
was removed from the orifice of the left submaxillary duct. July 16, a slight 
brownish mucoid discharge was obtained from both parotid ducts. August 6, 
an attempt was made to probe both parotid ducts. On the left, the probe 
entered to a depth of 1.5 centimeters. The right duct was obstructed. There 
was less discharge than usual. February 22, 1921, the patient still had a 
purulent discharge from the parotid ducts. From the right parotid duct, yellow 
pus in drops was obtained, and from the left, a stringy mucus. The sub- 
maxillary ducts secreted clear saliva. 


The three cases following present a type of chronic obstruction 
which ended in abscess formation. The fourth may, or may not, have 
belonged to this class. Whether or not such an abscess could be pre- 
vented by proper duct treatment if seen earlier, is still an open question. 


Case 50—A woman, aged 28, entered Barnes Hospital, April 10, 1922, with 
a small abscess in the lower posterior part of the right parotid region, which 
was drained by a small incision. The history was as follows: Right parotid: 
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Ten years ago, when the patient was pregnant, the right side of the face became 
swollen without apparent reason. The swelling disappeared in three days. For 
the next six months, a slight swelling of the gland persisted. Then an abscess 
developed, which was lanced. The patient noted no further trouble until she 
was admitted to the hospital. In the left parotid, the first swelling was noted 
twelve years previously and was lanced by a physician. A parotid fistula of 
the left side resulted which had secreted saliva up to the time she was seen. 

The patient had never noticed that either side became painful or more 
swollen on eating. Roentgenograms were negative for stones. Ten or twelve 
days after the lancing of a right superficial abscess of the right side, for which 
she entered the hospital, both parotid ducts were probed, and the openings of the 
ducts split. A flareup of the infection of the right parotid resulted, and again 
a superficial abscess formed and was opened. The salivary fistula on the left 
closed and remained so for two weeks after the duct-splitting operation. The 
ducts were dilated with a probe several times. No further trouble occurred 
until July 7, 1922, when another abscess developed on the right side in the same 
place as the previous abscess. This abscess was again drained. 

During the six months from February to July, 1922, cloudy saliva was 
usually present, flowing from each duct. Each gland region was slightly 
indurated, the right side slightly more than the left. Finally, it seemed that 
subsidence of the chronic glandular and duct infection was rather improbable, 
and added to this was the fact that the fistula still remained patent on the left 
side, though the salivary flow was considerably less. The advisability of 
resecting a part of each parotid gland was discussed in the patient’s hearing. 
The idea frightened her, and she was not seen until seven months later 
(January, 1923), when she entered with complete relief from all symptoms. 
The salivary fistula, after twelve years of discharge, had closed spontaneously 
two months previously. Clear saliva flowed from both ducts. The glands were 
still slightly indurated, but much smaller and not tender. She stated that, 
after leaving the hospital, she had applied an ointment to each parotid region 
and had then gently massaged each gland until the fistula closed, after which 


she pronounced herself cured, and ceased all treatment and experimentation 
with physicians. 


Probably the patient’s own treatment at this time was as good as 
any that could have been given. The relief of a certain amount of the 
obstruction by operative methods, followed by gentle massage, main- 
tained drainage and probably brought about the present favorable 
outcome. An exacerbation of the infection or a reinfection might occur 
again. This case, of course, will have to be watched a few years longer 
to determine the final outcome. 


Case 51.—A girl, aged 10, entered the Children’s Hospital, May 5, 1913, 
with a history of swelling in the left parotid region for three or four years 
previously, which varied in size at times. When she took cold, the size 
increased. No history of redness or pain was obtained. On examination, a 
rather marked swelling was found in the left parotid region. No redness or 
heat was noted. The mass was dome-shaped, about 1 cm. in elevation above 
the surface and about 3 cm. in diameter. The cervical glands were not 
enlarged. At exploration, a small abscess cavity was found. An incision was 
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made parallel with the facial nerve branches. Lower branches of the facial 
nerve were cut unintentionally. No note was made in regard to duct inflamma- 
tion, as its significance was not appreciated at this time. 


Case 52.—A man, aged 32, who entered Barnes Hospital in November, 1911, 
five weeks previously had had pain in the right tonsillar region. Soon after- 
ward, the right side of the face began to swell. He went to a physician, who 
gave him electrical massage, which considerably reduced the swelling within 
a few hours. The swelling recurred, and again electrical treatment gave some 
relief. On entrance, the whole right parotid region was slightly swollen. An 
inch above and over the ramus of the jaw, there was definite swelling, with 
slight tenderness and a sense of deep fluctuation. An incision was made 
parallel to the seventh nerve fibers. Two small abscesses were drained. 


This was the type of case which gave a history suggestive of duct 
obstruction of some kind. However, the obstruction to the outflow was 
not overcome completely. The electrical massage evidently caused 
enough purulent saliva to flow out to relieve the patient temporarily, 
but not enough to allow a subsidence of synfptoms. Finally, the block- 
age terminated in abscess, which after drainage allowed the process to 
subside. 

OCCURRENCE 

These cases of chronic obstructive parotitis occurred at any age, 
usually without a preceding or accompanying severe or debilitating 
illness. In several (Cases 44, 47, 51), there was a history of a “cold” 
preceding the exacerbation of swelling. In one (Case 46), the swelling 
followed first the extraction of a tooth and, six months later, the extrac- 
tion of its roots. In one case, the symptoms of a tonsillitis preceded 
the swelling. In another (Case 44), an exacerbation of the infection 
followed tonsillectomy. It seems likely that the acute infection in the 
pharynx, mouth or nose had more than a coincidental relation to the 
exacerbation of swelling. In most cases, such a history was elicited 
without any particular questioning in that direction. 


DIAGNOSIS AND CLINICAL COURSE 


Diagnosis depended on a history of obstruction to the outflow of 
saliva, as manifested by recurrent swelling, usually associated with 
some slight discomfort or even pain, most pronounced in the majority 
of cases when food was taken. Added to this, there was usually some 
inflammatory disturbance in the duct. A roentgenogram revealed a 
stone in every case in which one was subsequently found; but in one 
only, a single stone showed on the plate, and a number of smaller 
ones (sand) that did not show were found at operation. One could 
imagine, therefore, a case in which the roentgenogram would not aid 
in the diagnosis. In one case, the stone was located with a probe, and 
in another it could be felt with the finger under the skin of the cheek. 
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All cases in which the question of the presence of a stone or stones in 
the duct or ducts arise should have the advantage of a roentgenogram 
of the afflicted gland and duct region. 

The most typical obstructive symptoms of increased pain and swell- 
ing in the gland on eating or drinking were not present in all of these 
cases. In some, the occurrence of the swelling and subsequent drain- 
age bore no relation to eating or drinking. In others, the obstructive 
symptoms were very plain; the swelling and discomfort coming on or 
increasing while the patient was taking or thinking of food, especially 
such acid substances as pickles or lemons, and gradually subsiding as 
the saliva flowed past the point of obstruction. Such patients had none 
of the constitutional evidence of an infection, the discomfort being 
caused mostly by the back pressure of the saliva. Chronic incomplete 
obstruction was followed by induration of the gland in several cases, 
but is seen most commonly with stone in the submaxillary duct. 

In the majority of cases that had recurrent swelling, the saliva was 
not normal at the time of exacerbation of swelling. In some, it contained 
globs of mucus, and in others, with a franker infection, the saliva was 
cloudy or semipurulent (Cases 38 [stone], 39 [stone], 45, 47, 48). 

The cases with exacerbations of swelling and changes in the saliva 
gave general symptoms or laboratory findings of a mild infection. 

Only five of these developed an interglandular abscess (Cases 38, 
40, 50, 51, 52). When an abscess did form, the constitutional symp- 
toms were nearly as severe as in the typical acute pyogenic parotitis 
(Case 38). In those cases in which there was suppuration, the abscess 
was single in four, and in one, two foci developed synchronously ; but in 
none was there found either the diffuse gangrene or the miliary abscess 
observed in certain of the acute cases. 

In one case, excessive salivation subsided completely when a free 
outlet was provided for the saliva. In none of these cases was there 
the direct menace to life that so frequently came with the acute diffuse 
infection. 


PROGNOSIS 


It appears that all of these patients should recover on relief of the 
duct obstruction and removal of stone or opening of the abscess when 
present. 


TREATMENT 


Treatment varied with the type of case. Control of infections of 
mouth, pharynx and nose might tend to prevent exacerbations of swell- 
ing of the duct. Surgical treatment had for its primary object the relief 
of the obstruction, to free the flow of saliva. When due to stones, 
their removal was followed by complete recovery, but several months 
or a year intervened before the complete subsidence of all obstructive 
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Fig. 5—Exposure of the parotid gland. The oblique dotted line with its 
upper forward curve shows the line of incision which may be extended down 
the neck any distance. The oval dotted line shows the posterior and inferior 
boundary of the gland. 

The two branches of the seventh nerve can be seen leaving the parotid 
gland at its anterior border; these should not be injured. (From Blair’s 
Surgery and Diseases of the Mouth and Jaws, 1912.) 
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symptoms and of the induration in the gland. Obstruction due wholly 
to acute swelling of the mucous lining of the duct or to globs of 
mucus engaging the meatus might be relieved temporarily at least by 
the passage of a dilating probe into the duct. We have seen quite 
severe reactions or extensions of infection follow the use of probes 
in some cases. 

Some strikingly good results have followed slitting of the con- 
stricted meatus of the duct in chronic obstructive inflammation of the 
ducts without stones. This constriction of the outlet of the duct is 
thought to be a protective mechanism, but when the duct does become 
infected, it is then liable to obstruct drainage. We are just now 








A B 
Fig. 6.—A, symmetrical action of the facial muscles; B, inconspicuous scar 
one year after exposure of the parotid gland for sepsis. (From Blair’s Surgery 
and Diseases of the Mouth and Jaws, 1912.) 


inclined to slit the meatus and suture its epithelial lining to the mucosa 
of the mouth in every case of chronic infection of the duct or gland in 
in which a stone cannot be demonstrated, and in which dilation with 
a probe fails to give permanent relief. The operation is a nice piece 
of work, and should not take over fifteen or twenty minutes, even for 
the inexperienced. A probe or probed scissors are passed into the 
opening and the duct is slit for one fourth inch. Three stitches of 
fine silk are usually sufficient, one at the apex of the slit and one on 
each side. In one case, little or no immediate relief was obtained other 
than a marked lessening of the outflow from the salivary fistula; but 
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at the present time the patient has been free from symptoms for six 
months, and the salivary fistula, present for ten or twelve years, has 
closed completely, and has remained closed for two months. In the 
three other cases in which this operation was performed on the parotid 
duct, complete relief of symptoms was more immediate. 

In one case, the natural opening of Stenson’s duct was situated close 
to the gingiva of the second upper molar tooth, and this malposition 
was thought to be the cause of the chronic infection of the duct. Trans- 
plantation and splitting of the meatus relieved the symptoms. The 
case follows: 


Case 53.—A man with a history of discharge of pus into the mouth at 
intervals of two or three months, lasting three or four weeks, during the preced- 
ing three years, suffered no discomfort or swelling in the gland region. On 
examination, the left parotid region was found slightly thickened. In the 
mouth, the parotid duct was found to open at the neck of the crowned upper 
second molar on the left. Massage of the gland brought pus and mucus from 
the duct. The patient was sent to Barnes Hospital, May 25, 1917. The outlet 
of the duct was slit and transplanted to the normal site, and the duct was 
dilated with a probe. Five years later, he had had no return of any of the 
former symptoms. 


The four cases which follow could not be classified in any particu- 
lar group. Each represented a case in which the etiology is more or 
less obscure to us. No particular treatment was recommended. Their 
uniqueness seems to warrant their tabulation. 


Case 54.—A boy, aged 7, entered the Children’s Hospital, Feb. 11, 1920, with 
a swollen fluctuating mass in front of the left ear. The lymph nodes in the left 
posterior triangle were enlarged. No pus was noted flowing from the parotid 
duct. He had a history of a lump anterior to the ear for seven weeks, which 
had gradually grown larger. The mass was incised and drained, but very little 
pus was found. The Wassermann reaction was negative. Pirquet’s reaction 
was positive. Culture of pus from the abscess was negative. A tuberculous 
process was suspected, but was never proved by sections. Three weeks later, 
a clear discharge resembling saliva from the incision was noted. 

The etiologic diagnosis in this case was rather indefinite. The parotid duct 
was not involved. Evidently, the infective process was in the parotid gland, as 
after drainage there was a discharge of saliva. Grossly, tuberculosis was 
suspected, but the only evidence was a positive Pirquet reaction, which was 
more or less contradicted by the negative complement fixation test for 
tuberculosis. 

Case 55.—A woman, aged 33, seen May 19, 1922, eight months after mar- 
riage, began to complain of dryness of the mouth. There was still a little 
saliva coming from beneath the tongue. The dryness came on gradually during 
the two previous years. Two years before she was seen, a slight thickening 
was noted anterior to each ear. No pain or discomfort was noted. Three years 
previously, the Wassermann reaction was positive. After dryness of the mouth 
developed, she received antisyphilitic treatment. 

On examination, both parotid papillae were found to be absent. From the 
left submaxillary duct, a fine string of thick mucus was noted. No opening 
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was observed on the opposite side. Lemon juice caused no flow. Both parotid 
glands were slightly enlarged. The entire mouth was very dry. The left sub- 
maxillary duct was split in the hope of preserving what little function she had 
on that side. Unless the history of syphilis could be taken as the etiologic 
factor in producing the inflammatory reaction which caused the parotid gland 
and one submaxillary gland to cease functioning, the etiology is not evident. 

Case 56.—A woman, aged 41, seen April 4, 1922, two months previously had 
had pain in both cheeks, lasting five weeks, with slight fulness in front of both 
ears. Four days before she was seen, she noted a pain in the left ear region 
and a swelling in front of the ear. She could not open her mouth freely. The 
sight of food or eating did not increase the pain. For two months, the mouth 
had been very dry. On examination, no saliva was found in the mouth at first. 
Salt was placed in the mouth and brought saliva from all glands, without pain 
or swelling of the glands. A diagnosis of insufficient secretion was made. The 
history suggests an inflammatory basis. 

Case 57—-A woman, aged 46, seen May 19, 1922, in May, 1921, had noted 
more saliva in the mouth than usual. The same condition was noted in 
February, 1922. For two weeks previously, she had a burning and drawing 
sensation of the tongue, which was more pronounced between 2 and 3 p.m. No 
other positive physical findings were noted. On eating candy, there was no 
excessive flow. The opinion was given that the condition was most likely a 
functional nervous derangement. 

Case 58.—A colored man, aged 53, who entered Barnes Hospital with aortic 
insufficiency, had marked fulness over both parotid regions. No history of a 
swelling or anything wrong with the parotid gland was noted. The examina- 
tion of the duct was negative. Two enlarged parotid glands were felt on 
palpation, with no induration. The patient said that his father had had very 
prominent cheeks and that his had also been large as long as he could remember. 
He had congenitally enlarged parotid glands. 


Review of the literature of these two subjects was undertaken after 
the record of our own observations was completed. The following 
résumé confirms the common observation that the ancients were great 
plagiarists of modern thought. 


A BRIEF HISTORY OF ACUTE SUPPURATIVE PERITONITIS 


The Lancet? of 1828-1829 contains a description of a case of acute 
parotitis at Hotel Dieu which resulted in gangrene. The “tumor 
extended from the posterior margin of the sternocleidomastoid mus- 
cle to the middle of the cheek and from the zygomatic arch down to the 
angle of the lower jaw. It was very hard and painful, the skin tense, 
livid and hot, the jaw could not be moved, both on account of the ten- 
sion and the pain. . . . He had thirty leeches and an emollient 
poultice applied over the tumor. . . . Dr. M. Sanson, under 
whose care he was placed, made a deep incision. No liquid but 
blood. . . .” Four days later, pus mixed with gangrenous cellular 


2. Lancet 2:540, 1828-1829. 
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tissue was obtained when a trocar was plunged into an area of fluctua- 
tion. Nine days later, “the whole parotid” had sloughed out. The 
patient recovered. 

Sir Benjamin Brodie,’ in 1834, described accurately the clinical 
course and gross pathologic picture usually found. Concerning the 
pathologic picture, he said, “On opening the body after death, matter is 
found deposited in small portions throughout the interstitial substance 
of the gland itself and specks of matter appear here and there poured 
out on pressure from various parts.” Concerning treatment and prog- 
nosis, he says: “If suppuration ensues . . . when sufficiently for- 
ward, the abscess should be opened. If the inflammation occurs at the 
termination of some other disease, I have seldom found leeches of any 
use. It is a very bad symptom and generally indicates approaching 
dissolution.” 


The Lancet * of 1844 contains the anonymous statement : “Inflamma- 
tion of the parotid glands is apt to occur in every form of adynamic 
febrile disease in old age.” Monson,’ in 1848, reports a case of enlarge- 
ment of the parotid gland cured by the application of tincture of iodin. 

It seems that, because of the known tendency of an orchitis to fol- 
low epidemic parotitis, an association was suspected very early between 
the parotid gland and the female pelvic organs, especially the ovaries. 
Ovariotomy was the first laparotomy to be somewhat commonly per- 
formed, and most of the intra-abdominal operations were followed by 
more or less evidence of infection. The combination of fever, which 
is said to decrease the parotid secretion, and a certain amount of peri- 
tonitis, with its associated intolerance to fluid intake, made the asso- 
ciation seem a probable one, until the era of aseptic surgery appeared, 
when it was noted that the acute suppurative parotitis followed many 
other conditions. Before the days of the blood culture, infection by the 
blood route was thought to explain the etiology of most cases. 

In 1878, Munde ® noted the first case of parotitis after ovariotomy, 
and in 1880 Moeriche* reported five cases of parotitis following a series 
of 200 ovariotomies, which was the first publication in regard to paroti- 
tis subsequent to operations on the female genitalia. The following year, 
Goodell * reported five more cases following operations on the female 
pelvic organs. 


3. Brodie, Benjamin: Lancet 1:450, 1834. 

4. Lancet 1:538, 1844. 

5. Monson: Lancet 1:43, 1848. 

6. Munde, quoted by Wagner: Ueber postoperative parotitis, Wien. klin. 
Wehnschr. 17:1407, 1904. 

7. Moeriche, quoted by Wagner (Footnote 6). 

8. Goodell: Med. Times & Gaz. 2:290, 1881. 
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S. Paget,” in 1886, discussed the subject of acute suppurative paro- 
titis and collected 101 cases, including his own cases. He concluded 
that “the parotid is related to the peritoneum; (2) it is related to the 
generative organs; (3) abdominal or pelvic lesions may be followed by 
parotitis without pyemia, and (4) such a parotitis, if it occurs late in a 
patient not exhausted by the primary trouble and with healthy kidneys, 
is usually followed by recovery.” This article started a discussion into 
which entered Cribb,'° O’Connor '! and Taylor.’* Taylor attacked the 
idea of a connection with injury to the peritoneum and of connection 
with the ovaries, and said that all cases in which it occurred were sep- 
tic. Asa result of this discussion, Harkins ** reported a case of enlarge- 
ment of the parotid gland that recurred on each of six successive preg- 
nancies and grew larger slowly during pregnancy. After delivery, the 
swelling subsided. He interpreted this case as evidence of the relation 
of parotitis to the female generative organs. 

Hanau ** (1889) and Pilliet ** (1890) suggested that parotitis could 
occur as a secondary infection of Stenson’s duct by mouth organisms. 
Morley, in 1902, suggested, as routes of entrance of infection, the lymph 
glands, Stenson’s duct and the blood stream, and thought that an anes- 
thetic plus the drying effect of atropin might be a contributing factor in 
the disease. 

LeDentu *° (1903) recommended early incision in suppurative forms 
of parotitis consecutive to operations, and stated that positive evidence 
of suppuration should not be awaited because gangrene develops 
rapidly. 

G. Wagner,'* in 1904, says that, concerning treatment, one should 


ee 


follow the Latin rule “Parotidites omnes ante maturitatem aperiendae”’ 


(“One should not wait for the presence of suppuration for incision”’). 
He advised incision parallel to the seventh nerve fibers. 
9. Paget, S.: Secondary Inflammation of the Parotid, Lancet 1:732, 1886; 
The Relation of the Parotid Gland to the Generative Organs, Lancet 1:86, 1886. 

10. Cribb, A. J.: The Connection Between the Parotid Glands and the Gen- 
erative Organs, Lancet 1:227, 1886. 

11. O’Connor, T. B.: The Connection Between the Parotid Gland and the 
Generative Organs, Lancet 1:375, 1886. 

12. Taylor, F. T.: Lancet 1:130, 1886. 

13. Harkins, A.: The Connection Between the Parotid Gland and the Gen- 
erative Organs, Lancet 1:375, 1886. 

14. Hanau: Beitr. z. path. Anat. u. z. allg. Path. 2, No. 5, 1889. 

15. Pilliet: Bull. Soc. anat. de Paris, 1890, p. 182. 

16. LeDentu: Des parotides consecutives aux operation sur l’appariel genital 
de la femme, Arch. gén. de méd. 1:721-723, 1903. 

17. Wagner, G.: Ueber postoperative parotitis, Wien. klin. Wehnschr. 17: 
1407, 1904. 
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Buscarlet,!* who presented a case in 1907, thought that very severe 
postoperative parotitis is only a local manifestation of a general infec- 
tion. During the same year, Morestin ’* reported a case of acute sup- 
purative parotitis in which the pus was expressed from the duct repeat- 
edly, and the patient recovered ; and Pique *° reported a series of 7,200 
operations with only two cases of parotitis following. In 1910, Lenoir ** 
advised incision without delay in fulminating cases. 

One of us (V. P. B.**), in 1912, recommended an incision anterior 
to the ear and posterior to the facial nerve extending downward around 
the angle of the jaw (the operation described in detail herein). In 
1913, Morestin ** suggested an incision and approach somewhat similar. 
The incision curved a little farther posteriorly behind the ear, and then 
forward, so that exposure of the gland was more from below upward 
than from behind forward, as in the operation described herein. The 
incision of Morestin has the advantage of exposing the posterior inferior 
pole of the gland, which occasionally has caused trouble and has neces- 
sitated reopening of a small abscess in this region. Later, in 1917 
Lilienthal ** advocated an incision and approach somewhat similar. 

Maitland *° says that pyrexia inhibits the salivary flow and tends 
toward increased activity of the micro-organisms in the mouth. 

Barrow,”* in 1917, spoke of acute suppurative parotitis due to the 
pneumococcus, and said such cases are rare, only thirty appearing in 
the literature. 

Manton,”* who reported acute suppurative parotitis in 1918, in a 
case of pernicious vomiting of pregnancy, said such cases are extremely 
rare, and reviewed the literature. Collins ** (1918) reported a series 
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of cases of acute parotitis developing in patients placed on Ochsner 
treatment; i. e., nothing by mouth. Collins, as a prophylaxis, used 
chewing gum and later a stick of candy to stimulate secretion in such 
cases. In 1919, Cope *® reported seven cases, and said that the imme- 
diate exciting cause is the staphylococcus or streptococcus, but that 
debilitating disease is most important. Bonnet and de Nabias *° (1919), 
who reported thirty cases following typhus fever, said that the orifice 
of Stenson’s duct looked like a ureteral orifice by cystoscopic examina- 
tion in pyelonephritis. Fisher *t (1919) stated that the season of the 
year makes little difference, and that anatomic facts definitely eliminate 
transmission of infection to the parotid gland through the lymphatics 
of the mouth. One of his conclusions was that “septic parotitis is of 
hematogenous origin.” We are unable to agree with this conclusion. By 
a study of cases and a review of the literature, it seems to us that the 
great majority of cases are not blood borne. Fenwick *? (1919) advised 
the use of a rubber nipple to stimulate salivary secretion following 
operation. Fenwick also tried horse radish, a piece of raw meat and a 
pebble in the mouth. He reported thirty cases of rectal feeding, with 
no parotitis. 

Rolleston and Oliver ** (1919), in the medical treatment of 1,000 
cases of gastric ulcer, concluded that secondary parotitis may compli- 
cate ulcer. With oral starvation, it occurred ten and one-half times 
more frequently than in cases allowed fluid by mouth. In 470 cases 
treated by oral starvation, there were twenty-one cases of parotitis. In 
530 cases in which some food was allowed by mouth, there was 0.4 per 
cent. of parotitis. Hanau and Pilliet,** by making microscopic observa- 
tions in these cases, found the infection spreading from the central 
duct to the periphery. Girode found cultures identical with cultures 
from the mouth. It is said that Tait ** proved that the outer one third 
of Stenson’s duct normally contains the same organisms as are found 
in the mouth. 
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A BRIEF HISTORY OF PAROTITIS WITH OBSTRUCTIVE SYMPTOMS 

The Lancet ** for 1827-1828 describes a case at the Hospital of Sur- 
gery, Panton Square, St. James, which was probably an obstructive 
parotitis. 


A female, forty-five years of age applied on account of a tumor about the 
bulk of a hazelnut situated on the cheek, a little anterior to and below the ear, 
which tumor had formed suddenly on the morning of the same day and which 
she stated would in the course of a few hours as quickly subside. For some 
years past similar swellings have formed and disappeared in a like manner and 
when they have subsided she has always perceived the sudden escape of 
watery fluid into the mouth. 


It is said that, in 1856, Dermarquay described a case in which 
Steno’s duct was blocked with pus and distended with gas and secre- 
tion, and that a report embodied in an anonymous communication to 
the Medical Times and Gazette of Nov. 1, 1868, gave the first complete 
history and symptomatology of the lesion. 

Kussmaul,** in 1879, recorded a case of recurring salivary tumor at 
intervals of almost six months, resulting from fibropurulent inflamma- 
tion of Stenson’s duct. The fibrinous nature was verified microscopi- 
cally by Friedlander and Recklinghausen. The patient was taught to 
use a platinum probe. In 1881, Stiller ** of Budapest reported a simi- 
lar case. Jonathan Hutchinson,*® in 1893, was first to describe xeros- 
tomia (dry mouth), according to Rhodes. 

Johnson,*° in 1896, appears to be the first to emphasize an obstruc- 
tive parotitis of other origin than calculus: 


I may express my belief that the above cases are examples of swelling of 
the parotid gland resulting from interference with the escape of its secretion 
due to inflammation of the lining of Stenson’s duct. This conclusion was 
suggested by the fact that . . . pressure on the swollen gland caused the 
escape of a plug. 


In 1912, Blair ** suggested that, in cases with obstruction of the 
duct near its outlet, the duct should be split. In 1913, Hewlett * 
reported a case of “bacterial intermittent swelling’ of the parotid 
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gland due to infection of Steno’s duct (sialoductilitis), and discussed 
the condition. Rhodes,** in 1915, reported a case of parotitis, with 
obstructive symptoms, in which he split the duct in 1912, with relief of 
symptoms for over a year, after which time he lost trace of the patient. 
He reviewed the literature of this type of parotitis and found thirty- 
nine more cases, exclusive of cases with stone. Ransohoff, in the dis- 
cussion following Rhodes’ paper, expressed the opinion that the dis- 
ease was due to excessive secretion reflexly produced and not to stenosis 
of the duct. He cited the case of pain in the parotid region, said to affect 
those learning to play the horn. 

43. Rhodes, G. B.: Intermittent Swelling of the Salivary Glands, Lancet 
Clinic, Cincinnati 113:248, 1915. 








THE END-RESULTS OF SURGERY OF THE 
THYROID GLAND * 


JOHN veJ. PEMBERTON, M.D. 
Head of Section in Division of Surgery, Mayo Clinic 


ROCHESTER, MINN. 


In recent years, there has been great improvement in the immediate 
and end-results of surgery of the thyroid gland. During the year 
1922, in the Mayo Clinic, 1,983 operations were performed on 1,497 
patients with goiter. Nineteen patients died, a mortality by operation 
of 0.95 per cent., and by case of 1.2 per cent. In the earlier days of 
thyroid surgery, the relatively high mortality rate was an influential 
factor in the decision of many patients with goiter to seek means of 
cure other than surgery. Many of these finally came to surgery late 
in the course of the disease, when the operative risk was increased, 
and when the prospect of complete cure was greatly diminished. In 
this manner, a small vicious circle was created. But the knowledge of 
the benefits derived from surgery has gradually become more widely 
disseminated, and today a much larger proportion of patients with 
goiter are operated on early in the course of the disease, when the risk 
is less and the prospect of complete cure is greatest. Thus, with the 
better recognition of the dangers associated with the surgical manage- 
ment, together with increased knowledge of the thyroid gland in health 
and disease, largely as the result of the discovery of thyroxin and the 
practical application of basal metabolism, the immediate and end-results 
following operation are now comparable with those of any major sur- 
gical procedure. 


CLASSIFICATION OF OPERABLE THYROID CONDITIONS 


The diseases of the thyroid gland amenable to surgical interference 
may be grouped, according to. Plummer’s classification, as: (1) diffuse 
colloid goiter, (2) adenoma without hyperthyroidism, (3) adenoma 
with hyperthyroidism, (4) exophthalmic goiter, (5) thyroiditis and 
(6) malignancy. It is apparent that the results of surgery vary accord- 
ing to the type of goiter. 


Diffuse Colloid Goiter—This type of goiter is the common physio- 
logic enlargement of the thyroid gland in adolescence. It is a sym- 
metrical swelling due to the distention of the follicles by excessive 
colloid deposit, and does not cause symptoms other than those incident 


* Read before the American Life Convention, Chattanooga, Tenn., March 8, 
1923. 
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to the pressure of the growth. Marine’ has definitely proved that 
iodin insufficiency is the important etiologic factor in such cases, and 
that the condition can be avoided by feeding, in adolescence, a small 
amount of iodin. When young girls with unstable nervous systems 
develop this type of goiter, the symptoms are often mistaken for the 
hyperthyroidism of exophthalmic goiter. In most instances, the condi- 
tion can be readily diagnosed, but in others, especially if the neurotic 
tendencies are well marked, it is extremely difficult by clinical means 
alone definitely to differentiate the two diseases, and only by repeated 
basal metabolic tests can the diagnosis be accurately made. The patient 
with colloid goiter has a normal basal metabolism, whereas the patient 
with exophthalmic goiter has a rate above normal. Usually, diffuse 
colloid goiter disappears spontaneously between the twentieth and 
thirtieth years, but its complete disappearance can also be induced by 
the administration of iodin or thyroxin. Unless the enlargement of the 
thyroid is associated with nodular masses (adenomas), or unless it 
attains great dimensions and thus interferes with breathing, by pressure 
on the trachea, operation is not indicated. In cases in which operation 
is advisable, the operative risk is less than 1 per cent., and the end-results 
are good. As a preventive measure against the recurrence of the 
enlargement, occasional small doses of iodin are sometimes indicated. 

Adenoma Without Hyperthyroidism.—Adenomas occur in_ the 
thyroid gland either as single or multiple nodular masses, commonly 
late in the second, or early in the third, decade of life. They are 
encapsulated nodules composed of new follicles of either fetal or adult 
origin, in varying degrees of degeneration, and in their early life are 
not associated with hyperthyroidism. Symptoms, if present, are the 
result of the pressure of the growth on the surrounding structures, and 
vary in degree with the size and location of the tumor. The tumors 
may attain enormous proportions and may We entirely cervical, or 
cervical with substernal projection (13.5 per cent.), or, in a small 
proportion of cases, they may be entirely concealed within the thoracic 
cavity.” 

Treatment other than operative is ineffective in causing the dis- 
appearance of the tumors. As a certain proportion of the patients with 
adenoma develop hyperthyroidism later (averaging fourteen years 
after the appearance of the goiter), surgery is often indicated as a 
preventive measure, particularly when the patient cannot be under strict 
medical observation. Besides, it is apparent that surgery is indicated for 
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cosmetic purposes and for the relief of symptoms incident to the 
pressure of the growth. The operative risk is less than 0.5 per cent. 
During the year 1922, in the Mayo Clinic, there were 663 thyroid- 
ectomies performed on 663 patients with adenomatous goiter without 
hyperthyroidism, with one death, a mortality of 0.15 per cent. In 
nearly 100 per cent. of cases, successful operation results in complete 
cure. The very infrequent recurrences may be attributed in nearly 
every instance to failure to remove all of the adenomatous tissue at the 
time of the operation. 

Adenoma with Hyperthyroidism—Plummer has shown that the 
toxic symptoms associated with adenoma form a definite clinical entity 
and must not be confused with those of exophthalmic goiter. He has 
pointed out that a patient who, in her twenty-second year, has an 
adenoma of the thyroid gland has a definite chance of developing symp- 
toms of hyperthyroidism in her thirty-sixth year. The symptoms 
usually occur spontaneously, with insidious onset, and develop gradually 
but progressively. The symptoms may be induced abruptly by the 
administration of iodin to the patient with an adenoma without hyper- 
thyroidism. On account of the insidious onset and mildly progressive 
course, many such patients do not appreciate any great change in their 
condition until symptoms of marked cardiac irregularity, or of decom- 
pensation, develop. Consequently, owing to the delay in coming to 
operation, visceral degenerative changes often develop, adding con- 
siderably to the operative risk and diminishing the prospect of com- 
plete cure. The operative mortality is between 2 and 4 per cent. In 
from ten days to two weeks after the successful removal of the adenom- 
atous tissue, the hyperthyroidism has completely disappeared. Judd ® 
found that, after the lapse of two years, about 83 per cent. of these 
patients considered themselves cured and 5 per cent. more were mark- 
edly improved. 

Exophthalmic Goiter—As defined by Boothby,‘ exophthalmic goiter 
is “a constitutional disease apparently due to an excessive, probably an 
abnormal, secretion of an enlarged thyroid gland showing pathologi- 
cally diffuse, parenchymatous hypertrophy and hyperplasia. It is char- 
acterized by an increased basal metabolic rate with the resulting sec- 
ondary manifestations, by a peculiar nervous syndrome and, usually, by 
exophthalmos, with a tendency to gastric intestinal crises of vomiting 
and diarrhea.” The onset of the disease may be gradual, or apparently 
abrupt, and its course from the beginning may be one of overwhelming 
intensity, terminating fatally in a few months. More often, however, 
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this period of marked severity will be followed by one of partial or com- 
plete remission of the symptoms of hyperthyroidism, which may last 
for months, only to be superseded again and again by waves of varying 
intensity. In other cases, the onset may be gradual, and the disease may 
run a prolonged mild course with little variation in its intensity. On 
account of the natural fluctuating course of the disease, with the occur- 
rences of spontaneous remissions of symptoms, it is impossible to 
evaluate any form of treatment until sufficient time has elapsed to pre- 
clude the probability of recurrences. 

While the cause of exophthalmic goiter is unknown, there is always 
a characteristic pathologic picture of diffuse, parenchymatous hyper- 
trophy and hyperplasia in the thyroid gland. All evidence points to the 
fact that the thyroid gland is producing an excessive amount of secre- 
tion, probably altered or perverted in character, and most of the present- 
day methods of treatment aim to diminish the activity of the gland by 
reducing its blood and nerve supply, or by partial ablation of the gland 
either by operation or radiation. The ultimate object of the surgical 
treatment of patients with exophthalmic goiter is the removal by resec- 
tion of the greater part of the gland, the portion preserved being suffi- 
cient to carry on its normal functions. In certain stages of the disease, 
the removal of the gland is attended by greater dangers than in others. 
Particular danger is encountered immediately preceding, during or fol- 
lowing a crisis; and in such instances it is advisable to employ prelim- 
inary surgical procedures such as ligations or injections of boiling water 
into the gland. The improvement in the patient’s condition after such 
preparatory measures and a period of rest is often very great, and for- 
merly, if not urged to return, many patients considered themselves cured 
and had no further operations. Our records show that some of these 
patients remained apparently well, but many more have had relapses ; 
sometimes, however, not until after several years. Subsequently, in the 
period of development of thyroid surgery, all patients with exophthalmic 
goiter were urged to have a partial thyroidectomy, consisting at first 
of the resection of one lobe, and later of resection of a small portion of 
the second lobe. A decided improvement in the end-results followed 
this change in the surgical management, but the incidence of recurrences 
of symptoms, while greatly reduced, was still too high. Today the rou- 
tine operation for the removal of the goiter is even more radical, con- 
sisting in a double resection of the thyroid gland with preservation of 
the posterior part of each lobe equivalent to from one sixth to one third 
of a normal lobe. 

In the past, the relatively high mortality associated with surgery in 
cases of exophthalmic goiter was, to a large extent, dependent on factors 
inherent to the disease. Today, with a better knowledge of the natural 
course of the disease, through the cooperative efforts of the internist, 
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the laboratory worker and the surgeon, it is possible to avoid many of 
the operative dangers to which the patient was formerly subjected. Dur- 
ing 1922, there were 1,093 operations performed on 633 patients with 
exophthalmic goiter. Eleven patients died, a mortality by operation of 
1.005 per cent., and by case of 1.74 per cent. 


DATA ON CASES OF EXOPHTHALMIC GOITER IN WHICH OPERATION 
WAS PERFORMED 


In January, 1922, a questionnaire was mailed to each of 482 patients 
who had been successfully operated on during the year 1916, an aver- 
age lapse of five and one-half years. Definite information was received 
from 349 patients (72.4 per cent.). Three hundred and fifteen (90 per 
cent.) of the 349 patients were living, and thirty-four (10 per cent.) 
had died from various causes. The questionnaire was direct and com- 
prehensive and, when answered intelligently, gave a good idea of the 
condition of the patient. In many instances, the answers were written 


TABLE 1.—Comparison of Duration of Goiter and Hyperthyroidism Before 
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Peewee BE WOOMENS OF TOMB oss cc enccevsdcsess 41.45 19.47 





by, or with the assistance of, a physician. In 311 of the 315 replies 
concerning patients who were living, the data were sufficient to permit 
classification. Data concerning the 311 persons still living and the 
thirty-four who had died may be summarized as follows: 

Age and Sex.—The oldest patient was 64 years, the youngest 14 
years ; the average age was 34.09 years. Sixty-one (18 per cent.) of 
the patients were males, and 284 (82 per cent.) females, a ratio of 
about 1 to 4.5. 

Etiologic Factors —The onset of the disease was attributed to infec- 
tion (influenza in nine cases, and tonsillitis in 131) in 40 per cent. of 
the cases. Ina series of cases of exophthalmic goiter in 1920 and 1921 
(after the influenza epidemics), influenza was a causative factor in 22 
per cent., and a history of tonsillitis, or of septic tonsils, was noted in 
55 per cent. 

Duration of Goiter and Hyperthyroidism—By a comparison of the 
averages for 1909, 1916 and the first six months of 1922, it is obvious 
that there is a constant tendency for persons with exophthalmic goiter 
to resort to surgery earlier in the course of the disease (Table 1). In 
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the year 1916, 27 per cent. of the patients had had medical treatment 
for goiter before coming to the clinic, and 2 per cent. had had surgical 
treatment. 

In interpreting and classifying the replies according to the degree 
of improvement, account has been taken of the point of view of the 
patient and physician; of the presence or absence of symptoms of con- 
tinued or recurrent hyperthyroidism, and of symptoms suggesting 
visceral degenerative changes. These replies, representing the condition 
of the patients on an average of five and one-half years after operation, 
are divided into four groups: 

Group A.—Cured. One hundred and eighty-eight patients (54 per 
cent.) comprise the group who consider themselves cured, and whose 
replies would indicate that there is no evidence of hyperthyroidism, or 
of the residual effects of the disease, other than the presence of exoph- 
thalmos. This is usually the last symptom to disappear, and although 
the eyes often partially recede and lose their staring appearance, they 
may always remain prominent. In this group, seventy-six patients (40 
per cent.) report that their eyes are still prominent. Since the operation, 
eighteen (9.5 per cent.) have had what they consider evidence of recur- 
rence, but are emphatic in their statement that they are now well. 
Thirty-six patients (19 per cent.) have some swelling of the neck, which 
has persisted since operation. As will be noted in Table 6, the routine 
operation in the year 1916 consisted in the resection of one lobe in 138 
cases, and in the resection of two lobes in 186 cases (54 per cent.). 
When the second lobe was resected, it consisted in removing the “inner 
part,” “a small portion,” “one-fourth” or “one-third,” and in many 
instances the thyroid gland preserved was equivalent to two or three 
times a normal-sized lobe. Many of the women in this group have borne 
children, and three of the men served overseas during the Great War. 

Group B.—Greatly improved and able to carry on normal duties. 
There are eighty-eight patients (25.5 per cent.) in this group. In many 
instances, the patients report that they are cured, but later mention that 
they “tire more easily” or “lack strength”; or have “choking spells,” 
“stomach trouble,” “kidney trouble,” “rheumatism,” and the like, but 
no symptoms of hyperthyroidism, as evidenced by loss of weight or 
rapid pulse, are reported. Forty-eight of the patients (54.5 per cent.) 
have exophthalmos. Thirty (34 per cent.) have had further trouble 
from the goiter, and twenty-four (27 per cent.) have some enlarge- 
ment of the neck. 

Group C.—I/ mproved, but with evidence of persistent or recurrent 
hyperthyroidism or its residual effects. Twenty-eight patients (8 per 
cent.) belong in this group. While most of these patients report normal 
weight and normal pulse rate, they complain of palpitation or dyspnea 
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on exertion, and are easily exhausted. Fourteen (50 per cent.) have 
exophthalmos. ‘Thirteen (46 per cent.) have enlargement of the neck. 
Twelve (43 per cent.) had had a recurrence of symptoms. 

Group D.—Unimproved. The condition of nine (3 per cent.) of the 
patients was not improved. Four (44 per cent.) had exophthalmos. 
Five (55 per cent.) had enlargement of the neck. Eight (88 per cent.) 
had a recurrence of symptoms. 


TABLE 2.—Classification of Results Following Operation for 
Exophthalmic Goiter According to Sex and Age 





Group Per Group Per Group Per Group Per Mor- Per Per 
A Cent. B Cent. Cc Cent. D Cent. tality Cent. Total Cent. 
eee 32 52.4 18 26.2 1 1.6 1 1.6 9 14.7 61 18.0 
Females........ 154 54.1 70 24.6 27 9.5 8 3.5 25 8.8 284 §2.0 
. 186 53.9 83 25.5 28 8.1 9 2.6 34 9.8 345 
Age by decades: 
i to 2...... 20 71.4 3 10.7 1 3.5 1 3.5 3 10.7 28 8.1 
SE G0 OD. 000. 60 58.8 4 23.5 8 7.8 5 4.8 5 4.8 102 29.5 
Sh GO @...... 56 5.4 4 30.6 8 7.2 2 1.8 11 9.9 111 32.1 
42 to &...... 35 47.2 1 28.3 7 9.3 1 10 13.5 74 21.4 
Sl to 60...... 14 0.0 ¢ 21.0 4 14.5 0 q 14.5 28 8.1 
Gi to @....«.. 1 WO ( = 0 wake 0 1 0.0 2 0.5 
Average age in 
 —e 33.76 35.85 37.32 30.11 37.85 34.89 


Thirty-four (9.8 per cent.) of the 345 patients have died. Data 
concerning the cause of death are not sufficient to permit analysis. 

The important data are classified according to the results of treat- 
ment (Tables 1-6), and illustrate very definitely that, in the surgical 


TABLE 3.—Classification of Symptoms According to Results 











Group A Group B Group C Group D Mortality Total 
a —————— ——$sA—_, a A ——-——— 
Pa- Per Pa- Per Pa- Per Pa- Per Pa- Per Pa- Per 
Symptoms tients Cent. tients Cent. tients Cent. tients Cent. tients Cent. tients Cent. 
Vomiting...... 26 46.4 16 28.5 9 16.0 1 1.7 4 7.0 56 13.3 
Diarrhea....... 33 47.8 19 26.0 4 5.6 3 4.3 10 14.4 69 20.0 
Vomiting and 
diarrhea..... 38 54.2 18 25.7 4 5.7 2 2.8 s 11.4 70 20.2 
oo ee 97 49.7 53 27.1 17 8.7 6 3.0 22 11.2 195 53.0 
Edema......... 16 48.4 8 24.2 4 12.1 1 3.0 4 12.1 33 9.5 
Albuminuria... 77 53.4 38 26.4 7 4.8 5 3.4 17 11.8 144 41.7 
Edema and al- 
buminuria... 37 48.0 23 29.8 7 9.0 1 1.2 9 11.7 77 22.3 
OCR. 220s 130 51.1 69 27.1 18 7.0 7 2.7 30 11.4 254 73.6 


treatment of exophthalmic goiter: (1) a large percentage of patients 
(79 per cent.) treated surgically are cured or markedly improved; 
(2) failure to obtain maximal benefit may be attributed, in part (a) to 
incompleteness of the operation, and (b) to the delay of the patient 
in seeking surgery. While data are not available to substantiate the 
assertion, I am convinced that the presence of a focus of infection is an 
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important factor in the incidence of recurrences, and no operative man- 
agement of exophthalmic goiter should be considered complete until all 
foci have been eliminated. 


OTHER OPERABLE CONDITIONS 


Thyroiditis is uncommon. Infection of tuberculous or nontuber- 
culous origin may occur in the normal thyroid gland, in adenomatous 
goiter or in exophthalmic goiter. The onset is usually slow and may be 
without symptoms, except the tumor, which is usually characteristically 
hard from the beginning. At the onset, especially of the tuberculous 
form, the parenchyma of the gland is stimulated; there are symptoms 
of hyperthyroidism, and the condition may be mistaken for exophthalmic 
goiter. In practically all cases, the infective process is diffuse, ulti- 


TABLE 4.—Classification of Results According to Symptoms 











Group A Group B Group C Group D- Mortality 
A Ni ae a Soe 186 88 28 9 3 
Patients who had vomiting or diar- 
kd eee or 97 53 17 6 22 
nc ccudccdennetbabneks 52.1 40.9 60.7 66.6 64.7 
Patients who had edema or albumi- 
Ge ES os 6c. cccwbesneeseceses 130 69 18 7 30 


Percentage 69.8 78.4 64.2 


TABLE 5.—Classification of Results According to the Duration 
of Goiter and Hyperthyroidism 





Group A Group B Group C Group D_ Mortality Total 
Average duration of 
goiter (months)......... 38.72 39.94 67.56 31.00 34.67 10.8 
Average duration of 
hyperthyroidism (mos.) 20.49 20.22 45.81 25.66 33.93 23.93 


mately destroying all the parenchyma, and myxedema supersedes. Sur- 
gery is indicated only in cases of tuberculous origin and in cases in 
which suppuration is suspected. The results are similar to those fol- 
lowing nonoperative measures. 

Malignancy of the thyroid gland is not uncommon. Wilson * found 
the incidence of malignancy in the thyroid cases in the Mayo Clinic to 
be one in fifty-seven, one male to two females. Pathologically, the 
tumors occur as sarcoma, carcinoma, malignant adenoma and malignant 
papilloma. When the malignancy has invaded the capsule, the diagno- 
sis can be made clinically ; otherwise, the diagnosis is usually made by 
the pathologist. However, in all instances of goiter, if there has 
been recent rapid growth, malignancy should be suspected. Wide sur- 
gical removal of the malignant tissue, in conjunction with intensive 


5. Wilson, L. B.: Malignant Tumors of the Thyroid, Ann. Surg. 74: 129-184 
(Aug.) 1921. 
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radiation by radium and roentgen ray offers the best chance for cure. 
Herbst,® in a study of 207 cases of malignancy of the thyroid in which 
operation was performed in the Mayo Clinic to January, 1921, found 
no cures in nineteen cases of sarcoma; 5 per cent. five-year cures in the 
sixty-two cases of carcinoma; 20 per cent. five-year cures in 102 cases 
of malignant adenoma, and 33 per cent. five-year cures in twenty-four 
cases of malignant papilloma. 


SUM MARY 


The mortality of surgery of the thyroid gland compares favorably 
with that of any major surgery. At the Mayo Clinic during the year 
1922, there were 1,983 operations on 1,497 patients with goiter, with 


a mortality by operation of 0.95 per cent. and by case of 1.2 per cent. 


TABLE 6.—Classification of Results According to Operation 








Group A Group B Group C Group D Mortality Total 
a ee ~~ —_—__——__,—"_ -—__————S*7/- SX SF — OOF —— 
Pa- Per Pa- Per Pa- Per Pa- Per Pa- Per Pa- Per 
Operation tients Cent. tients Cent. tients Cent. tients Cent. tients Cent. tients Cent. 
One ligation... 2 40.0 1 20.0 om can ae ain 2 40.0 5 1.44 
Two ligations.. 4 25.0 l 6.2 1 6.2 2 12.5 8 50.0 16 4.63 


Resection of one 
lobe after one 
or two liga- 
eee 57 54.8 22 21.1 10 9.6 4 
Resection of one 
lobe without 
previous liga- 


3.8 11 10.5 104 


40.0 


Resection of two 
lobes after one 
or two liga- 


| 

Resection of two | 

lobes without ‘ 53.6 
previous liga- | 
| 


BIGR. . ccc ceee 29 59.1 13 26.5 5 10.2 4.0 49} 


9.8 345 


t 
S| to 


Total...<.... 53.9 SS 25.5 28 8.1 9 2.6 
Secondary thy- 
roidectomy.... 13 38.2 11 32.3 5 14.7 2 5.8 3 8.8 34 9.8 


The diseases of the thyroid gland amenable to surgery may be 
grouped under six headings: (1) diffuse colloid thyroid, (2) adenoma 
without hyperthyroidism, (3) adenoma with hyperthyroidism, (4) 
exophthalmic goiter, (5) thyroiditis and (6) malignancy. 

Diffuse colloid goiter is a physiologic enlargement of the thyroid 
gland occurring in adolescence, caused by iodin insufficiency and cured 
by the administration of iodin or thyroxin. Unless colloid goiter is asso- 
ciated with adenoma, or by its size causes pressure symptoms, surgery 
is not indicated. 

Adenoma without hyperthyroidism should be treated surgically, 
partly for cosmetic purposes and for the relief of pressure symptoms, 





6. Herbst, W. P.: Unpublished thesis. 
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and partly because a certain proportion of patients subsequently develop 
hyperthyroidism. The operative risk is less than 0.5 per cent., and the 
operation results in cure in practically 100 per cent. of cases. 

[f a patient with adenoma of the thyroid gland develops hyperthy- 
roidism, the onset is usually so insidious that surgery is not sought 
until marked visceral degeneration has taken place, which increases 
the operative risk and diminishes the chance for complete cure. The 
operative mortality in this group is between 2 and 4 per cent. Surgery 
results in cure in about 83 per cent. and in marked improvement in 
another 5 per cent. 

Exophthalmic goiter is a constitutional disease apparently due to an 
excessive (probably abnormal) secretion of the thyroid gland, and 
while its cause is unknown, treatment aims to diminish the activity of 
the thyroid gland. Asa result of increased knowledge of the disease and 
of the dangers incident to surgery, and owing to the fact that patients 
with exophthalmic goiter are coming to operation earlier, before the 
development of visceral changes, the surgical mortality has been reduced 
to 1.005 per cent. in terms of operation and 1.74 per cent. in terms of 
cases. 

The natural fluctuating course of the disease makes it difficult to 
evaluate any form of treatment, unless sufficient time has elapsed to 
preclude the probability of recurrence. For this reason, patients oper- 
ated on in 1916, after the lapse of five and one-half years, were selected 
for the study. A questionnaire was sent to each of the 482 patients with 
exophthalmic goiter. Replies were received from 349 patients (72 per 
cent.). Ninety per cent. were living, 79 per cent. considered themselves 
cured or greatly improved by the operation, 8 per cent. were improved, 
but showed evidence of hyperthyroidism, or its effect, and 3 per cent. 
were not benefited. In analyzing the data concerning these patients, lack 
of improvement could be traced definitely to three causes: (1) incom- 
pleteness of operation, (2) the long duration of hyperthyroidis:n before 
operation, and (3) failure to eliminate after operation foci of infection. 

Thyroiditis is rare, and surgery is indicated only in the tuberculous 
and suppurative types. 

Malignancy occurs as sarcoma, carcinoma, malignant adenoma and 
malignant papilloma, in the ratio of one malignant case in fifty-seven, 
and the prospect of cure by operation and intensive radium and roentgen- 
ray treatment varies with the type of malignancy. 





























HISTOPATHOLOGY AND ETIOLOGY OF VARI- 
COSE VEINS* 


BERLIN B. NICHOLSON, M.D. 


CHARLOTTESVILLE, VA. 


Varicose veins, phlebectasia and venous varices are more or less 
synonymous terms. The term varicose vein generally refers to the 
diseased vein as a whole; while phlebectasia more properly refers 
only to the dilated veins and not to the pouched and sacculated areas. 
The large irregular pouches are generally designated venous varices. 
Because of the relative frequency of the condition in the long 
saphenous vein and its branches, the term varicose veins has come to 
be associated almost exclusively with the condition as it is found in the 
lower extremities. While varicosis is often seen in these parts, it is by 
no means the only part of the body in which it occurs. The condition is 
seen quite as frequently, if not more so, in the spermatic cord, where 
it is referred to as varicocele and is due to dilatation of the veins of 
the spermatic cord. Likewise, the hemorrhoidal veins about the rectum 
often become dilated to the extent that piles, or hemorrhoids, are formed. 
Less frequently, varicose veins occur in other areas. Occasionally, a 
true varicose condition occurs in the veins of the upper extremities. 
Local congenital varices have been observed in practically every por- 
tion of the body. 

This investigation is concerned primarily with varicose veins of the 
lower extremities, and more particularly with the etiology of the condi- 
tion. The diagnosis is relatively easy in the simple case, and not 
especially difficult in the cases due to femoral thrombosis and other 
mechanical obstructions. The question of treatment lies outside the 
scope of our present purpose. 

The etiology is especially interesting in view of the fact that various 
theories have been advanced in an effort to explain the dilatation of the 
vessels. Reference is here made only to those cases that seem to come 
on insidiously and without apparent cause. There are certain cases 
following thrombosis which are explained on a purely mechanical basis. 
Likewise, those cases coming on during pregnancy and those seen in 
connection with various intra-abdominal growths, which cause increased 
pressure on the iliac veins, can, in part, be explained on a mechanical 
basis. On the other hand, there are a certain number of cases which 


*From the Department of Histology and Embryology, University of 
Virginia. 
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are brought on through the action of forces or conditions which are 
not obstructive. The desire to throw some light on the etiology of 
these cases led me to study the microscopic structure of the diseased 
vein, and the gross anatomy of the saphenous and femoral veins with 
reference to valves. 

My study has been confined chiefly to eight different specimens of 
tissue obtained from four patients, and to eighteen gross specimens 
obtained from cadavers in the anatomic laboratory. The gross speci- 
mens were studied with the idea of obtaining a more accurate knowledge 
concerning the number and frequency of valves in the external iliac, 
the upper femoral and the saphenous vein; and the frequency of the 
branches of the saphenous, and of the anastomoses between the saphe- 
nous and the deeper vessels. 

I am thus able to make certain definite statements as to the micro- 
scopic structure of the wall of varicose veins. While the picture varies, 
depending on the level in the vein from which the section is cut, it 
is quite constant for each level. Also, the occurrence and arrangement 
of the valves in the external iliac, the upper femoral and the upper 
end of the saphenous vein are found to be quite constant. This latter 
fact is important in view of the prevailing ideas concerning the etiology. 
Sufficient evidence is produced to disprove the theory that varicose 
veins are caused primarily by valve insufficiency and static pressure in 
the vein. 

For the description of the normal structure, I have depended on the 
literature. The most complete article on the subject is by Zancani,! 
who examined the saphenous veins of a 32-year old man and of a 
22-year old woman, both of whom had clinically normal veins. 

According to Zancani, the intima is composed of an endothelial 
lining, outside of which there is a delicate layer of connective tissue rich 
in elastic fibers. Peripheral to this connective tissue layer, he describes 
a more or less dense layer of longitudinally disposed elastic fibers, 
which take on the appearance of a membrane. This membrane may 
be called the internal elastic membrane, although it is not subendothelial 
as is the case with the artery. The middle layer, or media, is much 
thicker than the intima and is composed largely of circularly disposed 
smooth muscle. Between the intima and this extensive layer of circular 
muscle, there is a very thin layer of longitudinally disposed muscle, 
which Zancani places in the media. For reasons stated later, I pre- 
fer placing these muscle cells in the peripheral part of the intima, 
thus leaving the media composed only of circular muscle embedded in 
connective tissue. Through the latter pass many irregularly disposed 


1. Zancani, A.: Ueber die Varicen der unteren Extremitaten, experimentelle 
und klinische Untersuchungen, Arch. f. Klin. chir. 96:91-142, 1911. 
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delicate elastic fibers, as well as some larger ones which, along with 
the collagenous fibers, take a more or less longitudinal course. In the 
outer part of this layer, he finds a few vasa vasorum. The adventitia is 
composed of fibrous connective tissue, through which coarse elastic 
fibers run, both circularly and longitudinally. At intervals, bundles of 
longitudinally disposed smooth muscle cells may be seen. The majority 
of the vasa vasorum are also found in this layer. 

Quain * also divides the vessel wall into intima, media and adventitia. 
He makes no statement, however, regarding the longitudinally disposed 
muscle in the media. He describes a delicate layer of longitudinal 
smooth muscle cells in the outer part of the intima. This, no doubt, is 
the same layer that Zancani described as an inner longitudinal layer 
of the media. He makes no mention of finding longitudinal muscle in 
the adventitia, which layer he describes as being slightly thicker than 
the media. Neither does he mention vasa vasorum. 

Chiarugi* records practically the same observations as Quain and 
Zancani. 

Statements regarding the nature of the change in the varicosed 
vessel wall are conflicting. This is partly because some have assumed 
that varicose veins are uniform structures. They have paid little atten- 
tion to the extent of the process and to the level in the vein from 
which the specimen was taken. To arrive at some definite idea con- 
cerning the change, we must take into consideration the normal for each 
level, and also the extent of the process. The latter factor is especially 
important in view of the fact that, in the same section, there may be 
varying degrees of degeneration, ranging from the earlier to the latest. 
Similarly,'in the same vein, at different levels, there is a great variation 
in the picture. 

The literature discloses only one point of agreement among investi- 
gators—that the endothelium of the varicose vein is unaltered in appear- 
ance. Concerning other points, there is considerable variation of opinion. 
Some claim they find hypertrophy without atrophy. (Alglave and 
Retterer‘*). Others find both processes taking place at the same time 
(Epstein ®) ; or hypertrophy followed by atrophy (Epstein,® Remedi,® 


2. Quain, J.: Trattato di anatomia umana 1, Part 2. 

3. Chiarugi, Giulio: Istituzioni di anatomia dell’uomo 2, Part 2, 1910. 

4. Alglave and Retterer: Des modifications structurales des veines vari- 
queuses, Compt. rend. Soc. de biol., 1907. 

5. Epstein: Ueber die Structur normaler und ektatischer Venen, Virchows 
Arch. f. path. Anat. 108. 


6. Remedi: Contributo alla cura delle varici degli arti inferiori, Clin. 
chir., 1901. 
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Tomaselli,” Kashimura,* Marullaz*). It is almost universally agreed 
that there is an increase in the amount of connective tissue and that this 
increase is progressive. Some seem to think there is an increase in the 
amount of elastic tissue (Tomaselli?) ; while others are inclined to the 
contrary belief. We also find statements to the effect that the elastic 
fibers are broken and atrophied (Fischer '°). In many cases there may be 
a relative increase in the amount of elastic tissue, while in reality there 
is a decrease in the amount. In other words, the functioning varicose 
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Fig. 1—Transverse section of wall of saphenous vein near femoral opening; 
M, inner portion of media; /, intima, showing thickened area, which is more 
marked toward the right. The internal elastic membrane has been separated 
into two strata through an increase in muscle and connective tissue. con, con- 
nective tissue; ¢, elastic fiber; end, endothelial lining; im, internal elastic mem- 
brane (in two strata); ml, muscle in longitudinal section; mt, muscle in trans- 
verse section; ( 266). 


7. Tomaselli: Sulle alterazioni delle tuniche venose nell processo varicoso, 
Gazz. d. osp., 1903. 

8. Kashimura: Die Entstehung der Varicen der Vena saphena in ihrer 
abhangigkeit von Gefassnervensystem, Virchows Arch. f. path. Anat. 179. 

9. Marullaz: Contribution a l'étude anatomo-pathologique des veines 
variqueuses, Arch. de méd. expér. et d’anat. path., 1907. 

10. Fischer, B.: Ueber Entziindung, Sklerose und Erweiterung der Venen 
mit besonderer. Beriicksichtigung des elastischen Gewebes der Gefasswand., 
Beitr. z. path. Anat. u. z. allg. Path. 27. 
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vein may have a wall thinner than the normal vein, but, when fixed, 
it is so contracted as to take on the gross appearance of an artery. 

Regarding the finer structure, some writers report breaks in the 
internal elastic membrane, the gaps having been filled in with a delicate 
reticulum of elastic fibers (Epstein," Tomaselli? Marullaz,® Janni,” 
Kallenberger **). Many agree that there is a thickening of the intima 
through an increase in connective tissue ( Epstein,’ Remedi,® Marullaz,° 
Janni,"’ Kallenberger,’? Kaufmann,’ Seagliosi,{* D’Antona'®),. Even 
hyaline changes have been reported (Kaufmann **). 

The majority of investigators find the greatest change in the media | 
and adventitia. Some state that there is an hypertrophy of the muscle 
in the media (Soboroff,’® Pilliet,7 Hodara’*). They, however, give 
no proof in support of this view. If there is a true hypertrophy, | 
believe it occurs only in the early and less severe case. Unfortunately, 
there is no adequate data available in the literature. Many agree that 
there is atrophy of the muscle and an increase in the amount of con- 
nective tissue (Marullaz,® Fischer,’® Janni,’"* Kaufmann,’ Seagliosi,'* 
Soboroff **). This is certainly true in the more severe and advanced 
cases. In the varix proper, I am confident that even the connective 
tissue itself undergoes atrophic changes. Those areas that have been 
thinned to a mere membrane have, as a rule, been subjected to a morbid 
process of long duration (Fischer,’® Kallenberger’*). The wall no 
longer contains true muscle. The three layers are fused into one dense 
connective tissue membrane somewhat resembling tendon ( Fig. 2). 

Some investigators find the amount of elastic tissue in the adventitia 
increased (D’Antona,?® Hodara?*). Others find the fibers stretched 
and reduced in number ( Tomaselli,’ Kashimura*). It is quite generally 
stated that the adventitia is thicker than in the normal, and the con- 
nective tissue increased in amount. Only a few references are made 
regarding muscle in this layer. An occasional mention is made con- 
cerning the vasa vasorum, but the majority of authors pass them by 
without notice. One writer states that they are subject to considerable 

11. Janni: Arch. f. klin. chir. 61. 


12. Kallenberger: Beitrag. zur Pathogenese der Varicen, Virchows Arch. 
f. path. Anat. 180. 

13. Kaufmann: Trattato di anatomia pathologica speciale, Part 1, 1901. 

14. Seagliosi: Ueber Phlebektasie, Virchows Arch. f. path. Anat. 180. 

15. D’Antona: Rendiconto scientifico-clinico di un quinquenio (1905-1909) 
della prima Clinica chirurgica di Napole. 

16. Soboroff, S.: Untersuchungen tiber den Bau normaler und ektatischer 
Venen, Virchows Arch. f. path. Anat. 54. 

17. Pilliet: Note sur la structure de la parvi des veines variqueses, Compt. 
rend. Soc. de biol., 1897. 

18. Hodara: Cited by von Fischer. 
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variation, appearing well developed and dilated in some cases and 
rather inconspicuous in others (Kaufmann **). 

Zancani’s study, which comprises nineteen cases, is the most com- 
plete and careful piece of work I have seen. Since his findings, more 
than any other, are closely in accord with my own, I shall summarize 
his conclusions : 


The changes in the saphenous vein near its opening into the femoral are 
less advanced than at a lower level. If the condition approaches that of the 
vessel below, it seems safe to say that the process is advanced and consequently 
an old one. In the varices, no progressive process was observed that would 
warrant one in speaking of an hypertrophied wall. The increase of connective 
tissue and disappearance of muscle are the most conspicious findings. It 
seems that the vessel wall can no more be considered as hypertrophied than 
could any other organ, when only the supporting connective tissue has 
increased while the more essential tissue elements, muscle cells and elastic 
fibers, have undergone marked regressive changes. In only one case, in which 
there was the history of a phlebitis previous to the ectasia, could any signs 
of an inflammatory process be found. 
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Fig. 2—Transverse section of membranous portion of varix above knee. 


ml, wavy, unhealthy and attenuated smooth muscle cells containing dense 
elongated nuclei of irregular outline; c, connective tissue cell; e, elastic fiber; 
end, endothelium; (<< 400). 


Briefly the findings are: varying degrees of atrophy of the muscle; degen- 
eration and fragmentation of the elastic fibers; an increase in the amount of 
connective tissue, and areas showing a rather delicate reticulum of elastic 
fibers, which probably marked the site of recent connective tissue formation. 
In places, this degeneration had advanced to such a degree that the muscle had 
disappeared entirely or had taken on the appearance of a homogeneous, dense 
connective tissue. 


RESULTS OF INVESTIGATION 


My study embraces eight sections taken from near the saphenous 
opening, above the knee, near the middle of the calf of the leg and 
just above the internal malleolus. The tissue was fixed in Helly’s fluid 
or 10 per cent. formaldehyd. The two fixatives seemed equally satis- 
factory. Celloidin was used as the embedding agent. The sections 
were cut at from 15 to 20 microns and were stained with hematoxylin 
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and eosin, iron-hematoxylin, and Weigert’s elastic tissue stains. The 
material was obtained from the operating room, most of it being fixed 
immediately on removal. So far as could be determined all were cases 
of true varicose veins with an insidious onset, excepting one, which 
could definitely be traced back to a femoral thrombosis. 








Fig. 3.—Segment of transverse section of ectatic saphenous above internal 
malleolus. A, adventitia; 1/, media; /, intima. Thickening internal to internal 
elastic membrane is evident; con, connective tissue; col, collagenous fiber bundle; 
c, connective tissue cell; ¢, elastic fiber; ex, external elastic network; end, 
endothelium; in, internal elastic membrane; ml, muscle in longitudinal section; 
mt, muscle in transverse section; ( 266). 
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The marked variation, even in a single vein, is striking. At a given 
level, great variations in the picture may be found. This is largely 
because of the irregularity with which the vessel dilates. In the same 
section, portions of the vessel wall may be very thick, owing to an 
increase in the amount of connective tissue in all of the layers. Part 
of the thickening may be due to hyperplasia of the muscle. I am 
quite certain that, in a great many cases, there is such a process in 
the thickened areas of the intima (Figs. 1 and 3). Regarding the 
muscle in the media, there still remains some doubt. Judging from the 
general appearance, we are justified in thinking that there too hyper- 
plasia has taken place. Whenever there is hyperplasia of the muscle, 
it is always in the earlier and less severe case. While the section may 
show a portion of the vessel wall thickened, there may be parts that 





Fig. 4—Muscle cells from thickened portion of intima showing various 
stages of nuclear division; n, nucleolus within nucleus; /, plane of division of 
nucleus; (x 1,000). 


are thinned to a mere membrane. These two extremes are shown in 
Figures 2 and 3. Between these, there are all grades of variation. In 
the more severe case, in which the veins are enormously enlarged the 
whole wall has been reduced to a membrane. 

My findings for the upper end of the saphenous near its opening 
into the femoral are closely in accord with those of Zancani * and others. 
The intima is thickened at intervals and contains a considerable amount 
of smooth muscle longitudinally disposed. In this muscle, I am able 
to show clearly amitotic division of the muscle nuclei (Fig. 4). This is 
always found in the thickened portions, where the muscle cells are very 
much more numerous than they are in the normal areas (Fig 1 mt). 
Thus far, I have been unable to find a reference to this in the literature. 
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The media at this level is by far the thickest coat and is composed of 
circular muscle embedded in connective tissue. There is a distinct 
internal elastic membrane and a less marked external elastic network. 
Both of these are composed of coarse elastic fibers, arranged more or 
less longitudinally. The adventitia is somewhat thinner than the media. 
It is composed largely of connective tissue and elastic fibers. At inter- 
vals, longitudinal smooth muscle may be seen. The striking feature 
at this level is the relatively healthy wall and the lack of thin areas. 
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Fig. 5.—Location of valves in eighteen gross specimens of saphenous-femoral- 
iliac veins. The valves are represented by dots. The upper curve shows the 
first pair of valves in the femoral vein above the saphenous opening. This open- 
ing is represented by the middle curve (straight line). The lower curve plots the 
level of the first pair of valves found in the saphenous below its opening into 
the femoral. Vein 15 revealed no valve at level that corresponds to the 
lower curve. The absence of valves in vein 16 above the saphenous opening is 
no doubt due to an old recanalized thrombus. The ruled spaces on the ordinates 
represent centimeters. 


More distal to the saphenous opening, there is a less healthy appear- 
ance of the muscle, a greater amount of connective tissue, a less marked 
and a less complete internal elastic membrane, and perhaps a more 
general thickening of the intima. This thickening may be internal or 
external to the internal elastic membrane. Near the middle of the 
calf of the leg, the longitudinal muscle in the adventitia may or may 
not be found 
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Just above the internal malleolus the picture is markedly different. 
The same layers as above occur; however, the arrangement of the 
muscle and connective tissue is altered. Instead of the muscle in the 
media being circularly arranged, it is disposed longitudinally. The 
elastic fibers in the elastic layers and the collagenous fibers in the 
adventitia are for the most part circularly arranged. Neither do we 
find muscle in the intima or in the adventitia. 

The gross specimens, including eighteen veins, give the following data 
( Fig. 5) : In every case except one, there occurred a pair of valves in the 
external iliac about 3 cm. above the saphenous opening. Six veins had 
a second pair of valves, from 7 cm. to 10 cm. above the saphenous 
opening. One vein even revealed a third pair of valves just below the 
bifurcation of the common iliac. In every case, there was a pair of 
valves guarding the saphenous opening. About 2.5 cm. below the 
opening, a second pair was constantly found. Below these, there was 
no regularity of arrangement. The most significant fact regarding the 
valves in the saphenous, below its opening into the femoral vein, was 
the regularity with which they guarded the orifices of the branches 
opening int the saphenous. Almost without exception, there was a 
pair of valves just within the mouth of the entering branch. In the 
few instances in which this was not true, a pair of valves was found 
in the saphenous just below the orifice of the branch; which amounts 
to having them in the mouth of the vein itself. 

As might be expected, the frequency, the size and the location of 
branches and anastomoses showed no regularity, and therefore are of 
little significance. 

REPORT OF CASES 

Case 1.—C. R. W., man, white, aged 24, had extensive varices on both legs, 

those on the left being the more advanced and extensive. 


Microscopic Findings——Internal saphenous vein near femoral opening. Out- 
standing features of vessel wall: Thickness was 1.3 mm. The intima was 
slightly thickened in certain limited areas. There were a relatively great number 
of coarse elastic fibers. Near the media, the adventitia was composed of alternat- 
ing layers of coarse elastic fibers and large bundles of collagenous fibers, the latter 
for the most part being circularly arranged. 

Intima: This was 0.2 mm. or less in thickness. In places, it showed slight 
thickening, apparently between the layers of the internal elastic membrane. 
Thus, it appeared double. The fibers in this membrane were largely of the 
coarse variety, longitudinally disposed. The thickened portion showed a marked 
increase in connective tissue and longitudinally disposed smooth muscle cells, 
many of which showed amitotic division of the nucleus. 

Media: This layer was 0.7 mm. in thickness, and composed of small bundles 
of circularly disposed smooth muscle cells, alternating with longitudinal strata 
of collagenous connective tissue. The coarser elastic fibers were longitudinally 
disposed; the more numerous delicate fibers, some of which have the form of 
spirals, appeared irregularly arranged. The muscle nuclei showed a charac- 
teristic spiral form, but otherwise appeared normal. 











VICHOLSON—VARICOSE VEINS 7 


ur 


Adventitia: This was 0.6 mm. in thickness. An occasional small group of 
longitudinally disposed smooth muscle cells was observed. Only that portion 
of the layer adjacent to the media remained. This was composed of large 
circularly and obliquely arranged elastic fibers alternating with bundles of 
circularly disposed collagenous fibers. 

Internal saphenous vein from calf of leg. Outstanding features of vessel 
wall: The thickness was 1.2 mm. corresponding to that of an artery having a 
lumen of equal size. The internal elastic membrane was distinct. The external 
elastic network was in the inner portion of the adventitia. The intima was 
thickened in certain areas. The muscle of the media was circularly disposed. 

Intima: This was 0.3 mm. or less in thickness. Areas showed thickening 
external to the internal elastic membrane, and thickened areas showed many 
radially and longitudinally disposed smooth muscle cells. There were many 
coarse elastic fibers longitudinally disposed; also many delicate ones irregularly 
disposed. 

Media: This layer was 1.1 mm. in thickness, with irregular bundles of 
smooth muscle cells alternating with strata of connective tissue. The latter 
contained many coarse, wavy elastic fibers, the majority of which were disposed 
longitudinally. The numerous delicate elastic fibers were irregularly arranged. 
The outlines of the muscle cells were poorly defined. Those of the outer por- 
tion of the layer were more distinct, and the cells healthier in appearance 

Adventitia: The thickness was 1.1 mm. The external elastic network in 
the inner part of this layer was composed of alternating strata of coarse elastic 
fibers and bundles of collagenous fibers, the majority of which were circularly 
disposed. The outer portion of the layer was composed of connective tissue, 
through which passed many irregularly arranged coarse and fine elastic fibers. 
No muscle could be seen. 

Internal saphenous vein above the internal malleolus. Outstanding features 
of vessel wall: The thickness was 0.5 mm. The muscle of the media was 
longitudinally disposed. When compared with the vessel near the femoral 
opening, the wall was seen to be much thinner in proportion to the size 
of the lumen. This could probably be attributed to the longitudinal disposi- 
tion of the muscle in the media at this level. The adventitia was slightly less 
than one half the entire thickness of the vessel wall. 

Intima: This was only slightly thickened in certain areas. There was 
an incomplete internal elastic membrane, the fibers of which were for the most 
part circularly disposed. The thickened areas were internal to the internal 
elastic membrane. These areas showed no muscle cells, and the connective 
tissue resembled the embryonal type. 

Media: Thickness was 0.3 mm. The muscle cells were quite uniformly 
arranged in groups of from two to four cells longitudinally disposed. The 
connective tissue was somewhat increased as compared with higher levels in 
the vessel wall. In certain areas, the muscle cells were greatly elongated and 
appeared to be undergoing transformation into a tendinous tissue. In other 
areas, the muscle looked quite healthy. Many elastic fibers were irregularly 
disposed. The coarser elastic ones and the collagenous fibers, however, took 
a circular course. 

Adventitia: This layer was 0.2 mm. in thickness. At the boundary between 
the media and the adventitia, there was a dense network of coarse elastic 
fibers circularly arranged. In the outer parts of the adventitia, the elastic 
fibers were curled and irregularly disposed. The collagenous fibers appeared 
in large and irregularly disposed groups. 
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Case 2.—C. C., a man, white, aged 55, had large varices in the right leg 
extending up to a short distance below the inguinal ligament. There were a 
few small varices in the left leg. 

Microscopic Findings.—Internal saphenous vein near femoral opening. Out- 
standing features of vessel wall: The thickness of the wall was 0.9 mm. 
The internal elastic membrane was incomplete. The media was composed of 
alternating bundles of muscle cells and connective tissue, circularly disposed. 
There was a relatively small amount of elastic tissue. The adventitia was 
relatively thin, the outer coat probably having been torn away at operation. 

Intima: This layer was 0.4 mm. in thickness, uniformly thickened, and 
composed of isolated longitudinal smooth muscle cells embedded in connective 
tissue, which was poor in elastic fibers. The nuclei of the muscle cells showed 
many stages of amitotic division. The thickening was internal to the internal 
elastic membrane, which was incomplete. The elastic fibers were generally 
circularly disposed, while the collagenous fibers took an irregular longitudinal 
course. 

Media: The thickness of this layer was 0.5 mm. and it was composed 
of relatively large bundles of circuarly disposed smooth muscle, between which 
there was a relatively small amount of connective tissue. There were a few 
irregularly disposed elastic fibers. The collagenous fibers for the most. part 
were arranged longitudinally and radially. The nuclei of the muscle cells 
appeared somewhat shortened in consequence of their spiral form. 

Adventitia: There was little or no external elastic network present, and 
no muscle. The layer was very thin, probably having been lost during opera- 
tion or previous to embedding. 

Internal saphenous vein above knee. Outstanding features of vessel wall: 
The thickness of the wall was from 0.1 to 0.8 mm. The vessel was thinned out 
on one side to the proportions of a relatively thin membrane (0.1 mm.). The 
remainder of the wall had about the same appearance as that of the vessel 
at a higher level. The muscle was circularly disposed. The strata of connec- 
tive tissue were relatively more prominent. The intima was thickened over the 
thick portions of the vessel wall. The internal elastic membrane was incom- 
plete and almost lacking, while the external elastic network was quite complete. 

Intima: This was 0.1 mm. or less in thickness. The thickened portions of 
this layer were composed largely of isolated smooth muscle cells embedded 
in an irregular connective tissue network, which was poorly supplied with 
elastic fibers. The nuclei of other muscle cells had the characteristic vacuolar 
area surrounding them. Stages of amitotic division could be seen in many of 
the nuclei 

Media: Thickness was 0.4 mm. The thicker parts of the vessel wall con- 
tained a media composed of bundles of circularly disposed smooth muscle 
cells, separated by incomplete strata of connective tissue, the fibers of which, 
for the most part, ran longitudinally. The connective tissue was slightly 
increased in amount over that found at higher levels. The coarse elastic 
fibers were sparse and were arranged longitudinally; the more delicate fibers, 
also sparse in numbers, were irregularly disposed. The nuclei of the muscle 
cells were characteristically spiral in form and had clear areas about them. The 
thin portion of the wall somewhat resembled tendon (Fig. 2). The nuclei 
of the muscle cells were long, dense, narrow and wavy. 

Adventitia: This was 0.3 mm. thick, and relatively thin over the thick 
portions of the vessel wall. It was composed of large elastic fibers and bundles 
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of collagenous fibers, arranged for the most part longitudinally. A few bundles 
of longitudinally disposed smooth muscle cells could be seen. No adventitia 
was discernible in those parts that had become thinned. 


Case 3.—W. W., a man, colored, aged about 41, was subjected to a knee-joint 
amputation, Oct. 28, 1921. At this time, the specimen for study was obtained. 


Microscopic Findings.—Internal saphenous vein from calf of leg. Outstand- 
ing features of vessel wall: The wall was 1.6 mm. in thickness. The vessel had 
the proportions of an artery, a very thick wall and a relatively small lumen. 
The intima appeared somewhat thickened and thrown into folds. This condi- 
tion was in all probability due to contraction of the muscle in the media, which 
was very thick and contained a relatively small amount of connective tissue. 
The internal elastic membrane was incomplete. The adventitia was very thin. 

Intima: This layer was 0.1 mm. thick. There was no distinct internal elastic 
membrane, but in its place there were two or three relatively incomplete layers 
of coarse elastic fibers, alternating with bundles of collagenous fibers, longi- 
tudinally disposed. The intima was thrown into deep folds. There were a few 
smooth muscle cells, none of which showed amitosis or clear areas about their 
nuclei. The muscle cells were cloudy and poorly defined. 

Media: The thickness was 1.1 mm., and there was a relatively small amount 
of connective tissue, only an occasional incomplete lamina being discernible. 
The muscle cells were cloudy and unhealthy in appearance. Each cell appeared 
to be enveloped by a delicate connective tissue reticulum, the elastic fibers of 
which were very fine, and almost as numerous as the collagenous fibers. The 
nuclei of the muscle cells were in the form of a close spiral. 

Adventitia: This was 0.4 mm. in thickness, relatively narrow, and composed 
of alternating lamina of coarse elastic and collagenous fibers longitudinally 
disposed. An occasional small group of longitudinal smooth muscle cells could 


be observed. This tissue, however, was less conspicuous here than at higher 


levels in the leg. 

Case 4.—X., a man, white, aged about 60, presented a varicose condition 
of long standing, quite extensive and severe. There was no history of a 
phlebitis or thrombosis. No family history was obtained. 

Microscopic Findings.—Internal saphenous vein near femoral opening. Out- 
standing features of vessel wall: Thickness was 0.9 mm. The intima was 
slightly thickened in areas. There was a relatively great amount of coarse 
elastic fibers. At the outer edge of the media, the adventitia was composed of 
alternating layers of coarse elastic and large bundles of collagenous fibers. 

Intima: The thickness was from 0.1 to 0.2 mm. In places, this layer was 
slightly thickened internally to the internal elastic membrane. The thickened 
areas were composed of fine elastic fibers and small bundles of collagenous 
fibers, irregularly disposed, between which were interspersed many smooth 
muscle cells. These muscle cells were less numerous in the unthickened areas. 
The clear area about the nucleus was quite marked. Many of the nuclei showed 
amitotic division. 

Media: Thickness was 0.3 mm. This layer was composed of small bundles 
of circularly disposed smooth muscle, alternating with strata of connective 
tissue, the collagenous fibers of which were longitudinally disposed. The 
coarser elastic fibers were longitudinal, while the more numerous delicate ones 
were irregularly arranged. The outline of the muscle cells was poorly defined ; 
the nuclei were spiral in form for the most part, and many nuclei had a rela- 
tively large clear space surrounding them. 
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Adventitia: This layer was 0.4 mm. thick. An occasional small group of 
longitudinally disposed smooth muscle cells, as well as a few rather isolated 
cells, could be observed. There seemed to be a slight increase in the amount 
of muscle as compared with other specimens. Some of the cells had the 
characteristic vacuolar area about their nuclei. Nearest the media, there were 
alternating layers of coarse elastic fibers and large bundles of collagenous 
fibers, the majority of which were circularly disposed. 


COMMENT 


As indicated above, my purpose in this investigation is to endeavor 
to throw some light on the etiology of varicose veins. In addition to 
the histopathology and the gross picture, both of the normal and the 
abnormal vein, there is the experimental side of the problem. Zan- 
cani* undertook some experimental work on dogs. He made five 
end-to-end anastomoses between the proximal end of the severed femoral 
artery and the distal end of the femoral vein. Only two of his animals 
survived over forty-eight hours. One of these died on the twelfth 
day, the other was chloroformed on the seventy-ninth. Of the two, 
only the latter was of experimental value. In brief, Zancani found 
that the veins had become greatly distended under the arterial blood 
pressure, which was 110 to 120 (mean). On sectioning, the vessel 
gave one the impression of an artery. Microscopically, there was 
apparently considerable hypertrophy, especially of the media. The 
muscle was greatly increased in volume, while the connective tissue was 
relatively scanty. Zancani concluded that there was a true hypertrophy 
and that therefore; varicose veins were not due primarily to venous 
pressure or incompetent valves, but to some toxic substance in the 
venous blood. This toxin he thought could be derived either from 
intestinal absorption or metabolic processes. If this were true, we 
would expect varices to occur more often in the upper extremities. As 
a matter of fact, their infrequency in these parts can readily be explained 
on a purely mechanical basis. 

In view of the siphonic action of the column of blood extending 
from above the level of the elbow to the opening of the superior vena 
cava into the right atrium, it is quite obvious that only a slight static 
pressure could be exerted on the walls of the veins in the forearm. 
This is almost conclusive proof that there is a static-pressure element 
concerned in the development of varicose veins. This factor, however, 
is not the primary cause. / Zancani’s experimental findings are obviously 
not conclusive. His experiment did not continue for a sufficient length 
of time. Had it been allowed to continue a year or more, I am inclined 
to believe there would have been an atrophy instead of an hypertrophy. 
The condition obtained was probably similar to an early varicose 
process. 
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In an extensive search of the literature only one other piece of 
experimental work could be found. This was done at the Johns 
Hopkins Hospital by Dr. S. H. Watts,’” who was experimenting with 
the suturing, transplantation, and anastomosing of blood vessels. He 
made a number of arteriovenous anastomoses both in the neck and the 
hind legs of dogs. Most of his anastomoses, especially those in the 
neck, were successful. Some of the experiments continued for as long 
as four months. He gives a histologic description of the veins of the 
neck, after they had been subjected to arterial blood pressure for vary- 
ing lengths of time. Unfortunately, however, the dilated saphenous 
was not described histologically. During his study he observed that, 
at the end of three hours, the saphenous vein in the foot could be 
felt to pulsate as an artery. This is quite significant when one stops 
to consider that for nearly three hours the ‘valves were withstanding a 
pressure of at least 110 mm. of mercury, which represents about 
148.5 gm. per square centimeter. On the other hand, the weight of a 
column of blood 1 meter high (comparable to the length of the saphe- 
nous vein) would be only about 7.4 gm., which is about one twentieth 
as much as the arterial pressure. 

When the physics along with the physiology of the circulation of 
the lower extremities is considered, one is confronted with several 
interesting facts. The motive force that drives the blood through 
the veins may be resolved into three factors: (1) arterial pressure 
transmitted through the capillaries into the venules and veins; (2) a 
very slight negative pressure exerted at the orifice of the inferior vena 
cava, and (3) more or less pumping action resulting from contraction 
and relaxation of the muscle groups of the leg. Of these three, the first 
is of greatest importance, for the circulation can be maintained without 
either the second factor or the third. / However, the converse of this 
does not hold. 

The negative pressure created through the respiratory excursions 
of the thoracic wall is slight, and can for all practical considerations 
be neglected. While the pumping action of the muscles is quite impor- 
tant, it alone cannot maintain the circulation. All is dependent on the 
arterial pressure exerted by the ventricles of the heart. The muscle 
action becomes effective only when the. blood has been driven into the 
lower branches by the arterial pressure, thus placing it above some of 
the lower valves. In connection with this pumping action of the 
muscles, the valves serve one of their most important functions. It is 
due to their presence that the blood is not forced downward. In the 
case of an absence of valves, the muscles would actually hinder circu- 
lation rather than aid it. As it is, however, the moment the pressure 


19. Watts, S. H.: The Suture of Blood Vessels, Bull. Johns Hopkins Hosp. 
18:153-177 (May) 1907. 
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exerted on the vessel wall by the contracting muscles exceeds that 
exerted by the arterial pressure, the valves below the point at which 
the muscles are acting close, and the muscular pressure forces the 
blood to a higher level. During the short interval that the valves 
below the contracting muscles are closed, the weight of the column of 
blood above is taken off the vessel wall; and only during this interval 
is this true. One can readily understand that when the leg is at rest 
as regards muscular activity, the venous blood is raised only by virtue 
of the arterial pressure transmitted through the capillaries. Under 
such circumstances, the valves cannot possibly take any of the static 
pressure off the vessel wall; for, in order to get the blood into the 
heart, the arterial pressure must lift a column of blood extending from 
the foot to the opening of the inferior vena cava; and so long as there 
is any flow toward the heart the valves of necessity must be open 
along the entire length of the blood stream. When the valve flaps are 
thrown back, they can afford no support to the column of blood above. 

A further function of the valves is that of directing the blood toward 
the heart. As stated above, each of the branches entering a larger 
vessel has its mouth guarded by a pair of valves. Were it not for 
these, the blood in the main channel might be forced through the 
branches and anastomoses, thus imposing more or less delay in reach- 
ing the heart. . This would be especially true during muscular activity, 
when the pressure of the contracting muscles is exerted equally in all 
directions. If for any reason the valves should become incompetent, 
the blood would be greatly retarded in reaching the heart, for it would 
tend to be thrown back through smaller branches and anastomoses. 
Furthermore, the pumping action of the muscles would be lost, or might 
even become an adjunct to the morbid process. Those branches which 
are unprotected by valves would receive much of the blood, which under 
normal conditions would be forced to the heart. Under such circum- 
stances, there would be a more or less vicious cycle set up in the veins 
of the leg. The impure blood would be retained in contact with the 
vessel wall for a longer time and, according to Zancani! and others, 
might actually produce injury by reason of the impurities which it 
carries. Aside from this, the sluggish and retarded circulation would 
impair the nutrition of the vessel wall itself. The moment that per- 
fect nutrition begins to fail, the vessel musculature will fatigue more 
easily ; and, following fatigue, dilatation ensues. As dilatation increases, 
the nutritional condition becomes progressively worse, and thus the 
vicious cycle is established. 


CONCLUSIONS 


1. Since the saphenous opening is always protected by two or more 
valves, and the saphenous wall must at least intermittently bear the 
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weight of the contained column of blood, it appears that the primary 
cause for varicose veins is not valvular insufficiency and static pressure. 

2. On the other hand, valvular insufficiency, which allows an ill- 
directed and retarded blood flow, is a very important secondary factor. 

3. The infrequency of varices in the arms, where the weight of 
the column of blood in the veins is from a level only a little above the 
elbow, proves that static pressure is a secondary factor. Similarly, the 
relatively less severe process in the upper saphenous, as compared with 
lower levels, supports this conclusion. 

4. The primary cause may be mechanical, trophic, inflammatory or 
toxic. 

5. Valves in the veins of the leg do not relieve the vessel wall of 
the static pressure exerted by the contained column of blood. 

6. During the brief interval of contraction of the muscles of the 
leg, the static pressure of the column of blood above the site of con- 
traction is not exerted on the vessel wall below. Even during this 
interval the vessel wall is not relieved of any pressure, for the arterial 
pressure in the lower part of the vessel must be greater than the static 
pressure normally exerted by the column of blood in the saphenous. 

7. The chief functions of the valves are: (a) to aid the muscles as 
they contract in pumping the blood toward the heart; (b) to direct the 
blood toward the heart; (c) to protect the openings of small branches 
from a backward flow, and (d) to prevent blood from being forced 
backward by intermittent muscular or mechanical pressure. 

8. An erect posture, demanding little activity of the legs, tends to 
induce varicosis, or aggravates the condition, if already present. 











THE PHYSIOLOGY OF AN ARTERIOVENOUS 
FISTULA * 


EMILE HOLMAN, M.D. 


BALTIMORE 


Cardiac hypertrophy and proximal dilatation of the artery have 
been so frequently associated with arteriovenous fistulas that it has 
long seemed highly probable that there must be some causative relation- 
ship between the two. That such a relation exists has been denied by 
clinicians, both ancient and modern, and the association of the two 
conditions clinically has been attributed to a coincidence. It was a 
problem that aroused the interest of the late Professor Halsted many 
years ago, and was for him a subject of constant speculation. Speak- 
ing before the American Surgical Association ' in 1918, he said: 

If the assumption is correct that the heart dilates in consequence of the 
fistula, it is important that the fact should be brought to the attention not only 
of surgeons but also of pathologists and internists who apparently have 
altogether overlooked it. . . . Whena causative relationship . . . shall 
have become convincingly established, we may find that some unexplained dila- 


tions of the heart are referable to hitherto undetected changes in the walls and 
lumen of the blood vessels. 


Dr. Halsted’s interest in the subject prompted him to collect all 
the clinical evidence bearing on the subject in the 447 arteriovenous 
fistulas of the larger vessels recorded in the medical literature of the 
world. These data, published by Dr. Curle L. Callander,? make an 
absorbingly interesting story of a comparatively rare clinical picture. 
The article carries an excellent bibliography. 

Among these 447 cases, there occurred fifty-seven instances of 
proximal dilatation of the artery, a percentage of 12.7. Nine of the 
twenty-one cases studied in the Johns Hopkins Hospital showed 
proximal dilatation, a percentage of 43. It is obvious that observations 





* Read at a meeting of the Johns Hopkins Hospital Medical Society, Nov. 
20, 1922. 

*From the surgical clinic of the Johns Hopkins Hospital and the 
Hunterian Laboratory of Experimental Surgery. 

1. Halsted, W. S.: Cylindrical Dilatation of the Common Carotid Artery 
Following Partial Occlusion of the Innominate and Ligation of the Subclavian, 
Tr. Am. S. A. 36:501, 1918; Surg., Gynec. & Obst. 27:547 (Dec.) 1918. 


2. Callander, C. L.: Study of Arteriovenous Fistula with an Analysis of 


Four Hundred and Forty-Seven Cases, Johns Hopkins Hosp. Rep. 19:260, 1920; 
Ann. Surg. 71:428 (April) 1920. 














HOLMAN—ARTERIOVENOUS FISTULA 65 


in the 447 described cases are probably incomplete. William Hunter * in 
1757, in giving us our first description of an arteriovenous aneurysm, 
noted proximal dilatation in the two cases recorded by him. 

Broca* has described one of the most remarkable instances of 
proximal dilatation of the artery to be found in the literature: 


The wall of this brachial artery is extremely thin, hardly one half millimeter 

in thickness; semitransparent, flabby and collapses like the wall of a vein 

When flattened out, the vessel has a circumference of 80 mm. When 

the artery was distended by means of a cone (as it would have been if filled 

with blood) the circumference was 86 mm., much larger than the humerus. 

Below the arteriovenous communication, the artery suddenly narrowed and all 
at once resumed its normal caliber. 


In a symposium on the subject of arteriovenous aneurysm at the 
Radcliffe Infirmary, Oxford, England, March 26, 1915, at which I 
was fortunate enough to be present, Sir William Osler *® hesitated 
somewhat to attribute cardiovascular changes to the presence of the 
fistula : 


The changes in the arteries on the proximal side of the lesion are less 
striking, but sooner or later sclerosis occurs with dilatation, and sometimes with 
saccular aneurysm opposite the orifice of communication. Even within two 
months of the injury, the femoral artery may be felt to be larger and with 
stronger pulsation (Paignton case). Remote effects on the general circulation 
are rare, particularly in aneurysms of the head and arms. One of my patients 
(Case 3) died from heart disease which may have had some connection with 
his long-standing lesion. In the leg, progressive dilatation of the vessels may 
lead to serious effects. In the case of Captain Mosher (reported in Lagarde’s 
Gunshot Injuries, 1914, p. 281), wounded in the middle of Scarpa’s space in 
1898, at the time of death (1911) the dilated arteries extended from the bifurca- 
tion of the common iliac to the lower third of the thigh. Hypertrophy of the 
heart followed, and death from progressive failure of the circulation. 


In the 447 recorded cases, cardiac dilatation and hypertrophy, of 
more or less marked degree, are noted in sixteen instances, accom- 
panied occasionally by auricular fibrillation and myocardial decom- 
pensation. Six of our twenty-one cases showed enlargement of the 
heart, a percentage of about 28 as compared to a published percentage 
of 4. Two of Dr. Halsted’s cases exhibited an enormous cardiac 
hypertrophy and dilatation, together with auricular fibrillation and evi- 


3. Hunter, William: The History of an Aneurysm of the Aorta, with Some 
Remarks on Aneurysms in General, M. Observations & Inquiries 1:323, 1757; 
Further Observations Upon a Particular Species of Aneurysm, ibid. 2:390, 1762. 

4. Broca: Anévrysme artério-veineux du pli du coude. Enorme dilata- 
tion des artéres humérale, axillaire et sous-claviere. Rupture du sac. Amputa- 
tion, Bull. et mém. soc. de chir. de Paris 4:392, Series 2, 1864. 

5. Osler, William: Remarks on Arteriovenous Aneurysm, Lancet 1:949, 
1915. 
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dences of chronic passive congestion, although previous to the formation 
of the fistula they had been entirely well. 

Among the large number of interesting aneurysms treated at the 
Johns Hopkins clinic, the following case revealed certain phenomena 
which undoubtedly throw light upon the question of cardiac hyper- 
trophy and proximal dilatation of the artery. 


REPORT OF CASE 


History —C. W., a West Virginia miner, aged 41, was admitted to the Johns 
Hopkins Hospital, Aug. 9, 1922, complaining of vomiting, shortness of breath 
and weakness. He had been perfectly well until the age of 16, when he acci- 
dentally shot himself with a revolver carrying a 38 caliber bullet. The bullet 
entered the left thigh 4 inches above the knee, the knee being flexed at an angle 
of 45 degrees. Profuse bleeding from the wound of entrance followed the shot, 
the blood spurting 2 feet. A tourniquet was applied at once. Slight oozing 
continued until a physician removed the bullet, which was found lying beneath 
the skin on the anterolateral aspect of the leg, about 3 inches below the knee. 
A dressing was applied to the leg. There was a slight stain on the bandage 
after the removal of the tourniquet, but no further profuse bleeding. There 
was no noticeable swelling of the knee or of its under surface, and the patient 
could not recall any discoloration of the skin. He was able to stand on the leg 
immediately after the accident, but on the physician’s advice remained in bed 
for a week and returned to work in the mine within ten days. 

The patient apparently suffered no difficulty until five years previous to 
admission, when he was compelled to give up underground mining because he 
could not endure the bad air of the mines; he felt “knocked out” after only a 
short period of work. He began to be troubled with abdominal pains, which 
he attributed to the stomach. He was able, by changing to an open-air job, to 
do a full day’s work during the next three years. For the last two years, he 
had done very little work, and none at all since January, 1922, when vomiting, 
extreme weakness, shortness of breath and smothering spells around the heart 
confined him to bed and kept him incapacitated until his admission to the 
hospital. 

He could not remember the onset of the thrill which he himself felt 
around the knee. It had been present a long time, and he believed that it had 
appeared coincidentally with the swelling of the leg, which he noticed soon after 
the accident, apparently beginning just above the knee and extending gradually 
down the leg. This swelling appeared to be an actual increase in the size of 
the leg. The patient had noticed that his heart pounded rather forcibly, causing 
considerable distress in his head accompanied by a feeling of dizziness and 
faintness whenever he stooped over to raise things from the ground. He had 
also experienced marked discomfort in the epigastrium, which was accentuated 
with each beat of the heart. 


Examination—The patient was a muscular, well developed man, with slight 
cyanosis of the face, but no respiratory distress. The pulse rate was 97; 
respiration, 24; blood pressure (left arm), systolic, 118, diastolic, 55. The 
erythrocytes numbered 3,844,000; leukocytes, 5,700. The hemoglobin was 7(€ 
per cent.; Wassermann reaction, negative; urine, negative. 
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The first of many striking features was the extraordinary difference in size 
of the two limbs, the left thigh and lower leg being approximately half again as 
large as the right (Fig. 1); another, the difference in the skin of the two legs, 
the right being perfectly normal in appearance throughout, the left thigh show- 
ing numerous small, dilated venules over the posterior and anterior surfaces, 
from Poupart’s ligament down to the toe, these venules being in the skin. In 
addition, there were numerous large, dilated veins in the subcutaneous tissue 
of the lower leg, and on close inspection it was evident that these veins were 
pulsating, an observation which was corroborated by palpation and by sphyg- 








Fig. 1—Appearance of patient, showing difference in size of the two legs, 
with measurements before and after operation, and also the remarkable dif- 
ference in the size of the right and left femoral arteries before operation. 
Measurements are given in centimeters. Those taken after operation are in 
parenthesis. 
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mographic records. There was also a tan, spotted, freckled discoloration of the 
skin of the anterior surface of the lower leg and dorsal surface of the foot, such 
as one finds in varicose veins. The toes on the left showed a dark blue, purplish 
discoloration. 

The third striking feature was the very forceful beating of the heart, which 
fairly shook the bed, lifted the cover, and caused a distinct movement of the entire 
thorax and abdomen with each beat. The visible pulsation over the precordial 
area was greatly increased, the region of relative cardiac dulness measuring 
16.5 by 5 cm. The apex beat was in the fourth interspace, 15 cm. from the 
median line. There was a very forceful impulse at the apex, a well marked 
shock of the first sound, with a vibratory sensation following the shock. A 
soft systolic murmur accompanied the first sound all over the body of the heart. 
The extraordinary pulsation noted just below Poupart’s ligament on the left was 
found, on palpation, to be due to a greatly dilated femoral artery, which measured 
approximately 2 cm. in diameter. The right femoral artery measured approxi- 
mately 0.6 cm. in diameter (Fig. 1). The dilated portion of this artery could 
be followed well down the thigh to a point where it entered the aneurysmal 
swelling in the popliteal space. About 2 inches below Poupart’s ligament, there 
was noted, with each beat of the heart, a lifting of the skin along the course 
of a branch of the femoral artery, which was probably the lateral circumflex. 
The pulsation noted above the knee in the artery was visible below the knee 
in the greatly enlarged surface veins, which had formed small pulsating lakes 
of blood in the subcutaneous tissue. Above Poupart’s ligament, there was a 
lifting of the abdominal wall with each heartbeat, and on palpation a large, 
strongly pulsating common iliac and abdominal aorta could be definitely made 
out. Liver dulness extended a finger’s breadth below the costal margin on deep 
inspiration. The liver did not seem enlarged and no pulsation could be felt in it. 

In the popliteal space (Fig. 2), there was a soft, pulsating, lemon-sized mass, 
which on palpation gave the characteristic thrill found in arteriovenous fistulas. 
This could be followed along the course of the artery into the abdomen, almost 
to the umbilicus, and downward as far as the ankle. With the stethoscope, a 
loud, whirring noise was heard, with systolic intensification. This bruit, which 
was heard best at the upper pole of the mass, extended along the vessels to 
the ankle and upward almost to the xiphisternum. There was no bruit over the 
liver area. The area of swelling in the popliteal space measured 6 cm. wide 
and 7 cm. in the vertical diameter. Pressure at the point of the greatest thrill, 
namely, at the superior pole of the swelling, resulted in complete obliteration 
of the continuous thrill, and presumably of the fistula. 

This obliteration of the fistula was followed immediately by a remarkable 
reduction in pulse rate. Numerous observations were made, and a pulse which 
ranged around 88 before obliteration was reduced to 56 immediately on 
closure of the fistula. It was also noted that there was a definite increase 
in the force of the pulse immediately after obliteration of the fistula. This 
observation was confirmed by a series of blood pressure readings, which 
will be discussed later. Below the pulsating mass, an artery was felt leading 
down between the heads of the gastrocnemius muscle, considerably smaller in 
size than the artery which entered the mass at its upper apex. The posterior 
tibial pulse on the left was absent when the fistula was open, but on obliteration 
of the fistula a definite pulse was felt posterior to the internal malleolus. With 
the fistula open, there was a very slight pulse to be felt in the dorsalis pedis 
artery, which was markedly increased by obliteration of the fistula. There was 
a good posterior tibial and dorsalis pedis pulse on the right. 
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The reduction in pulse rate and increase in blood pressure were produced 
also by simply obliterating the left femoral pulse just below Poupart’s ligament. 
An interesting feature was a recorded blood pressure in the right leg of 160 
systolic, 86 diastolic; and in the left leg of 220 systolic, 70 diastolic. The high 
svstolic reading on the left was of necessity taken with obliteration of the left 
femoral pulse (with closure of the fistula), and the diastolic reading was 


obtained with the fistula open. 
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Fig. 2—Appearance of the patient, showing the position of the aneurysm, the 
pulsating venous lakes (circled) and the difference in size of the two legs. The 
site of the fistula is indicated by a cross. 


The surface temperature was remarkably increased on the left lower leg and 
foot as compared to the right, there being a recorded difference of as much as 
2 degrees (F.). The calf of the leg felt hot, and the patient stated that the 
left leg always felt warmer than the right. 
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The following special examinations were made: A _ teleroentgenogram, 
August 17, gave a combined measurement of 15.8 cm. (Fig. 3). An electro- 
cardiogram revealed a normal mechanism. A second electrocardiogram (Fig. 
4) was taken to illustrate the very significant changes in the pulse rate which 
occurred on obliteration of the fistula. Before closure, the cardiac rate averaged 
72, with a P-R interval of 0.18. After closure of the fistula, the heart rate fell 
as low as 35, with a P-R interval of 0.20. 








Fig. 3.—Teleroentgenogram taken before operation. 


Numerous observations were then made to determine the variations in the 
general blood pressure on closing and on opening the fistula (Fig. 5). Within 
five seconds after the fistula was closed by digital pressure, the general systolic 
blood pressure rose from a uniform level of 120 to 164, dropping within sixty 
seconds to a uniform level of 126. When the fistula was opened, the general 
blood pressure dropped 30 points, to 96, returning within twenty seconds to a 
level of 116. 
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The same phenomenon was noted with respect to diastolic pressure; an 
immediate rise from 66 to 90 was noted on closing the fistula, with a fall to a 
constant level of 84 within forty seconds. A drop to 48 was noted on opening 
the fistula, with a rapid return to the usual level of 66. Figure 5 is one of 
numerous identical observations. 

Operation.—August 31, the patient was operated on by me, with the assistance 
of Dr. Mont R. Reid, formerly of the Johns Hopkins Hospital, and now at the 
Cincinnati General Hospital. The pulsating mass in the popliteal space proved 
to be a large sacculation of the vein just distal to the arteriovenous opening. 
(Fig. 6). Running distally from this sacculation was a vein greatly diminished 
in size, 0.8 cm. in diameter. The exposed portion of the vein proximal to the 
fistula was greatly dilated, with another sacculation above the first. Above 
these sacculations, the vein had a diameter of 1.8 cm. The artery was dilated, 
and its walls were markedly thinned, with a diameter, proximal to the fistula, 
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Fig. 4.—Electrocardiogram recording the effect of closing fistula (4), and 
opening fistula (8). Before closure, the cardiac rate averaged 72 with a P-R 
interval of 0.18; after closure, the heart rate fell as low as 35 with a P-R 
interval of 0.20. The mechanism is normal. (Record in Lead I.) 


of 1.8 cm., and a distal diameter of 0.8 cm. The fistulous opening led directly 
from the artery into the vein and had a diameter of 2.1 cm. as measured from 
the outside. 

The operation was performed under a tourniquet. The artery and vein were 
separated, and the two slitlike lateral openings closed with fine silk, reestablish- 
ing the lumen of each vessel. The wound was closed with silk, and healed by 
first intention. Drainage in vascularesurgery must be scrupulously avoided. 


Course——Immediately after operation, a vigorously pulsating posterior tibial 
artery could be felt on the left, considerably stronger than on the right. Nine 
hours after operation, the patient said he felt much better than at any time 
previously, the distress of the vigorous pulsation in his head, which he had 
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felt continuously before, having disappeared. Within five days, there was a 
marked change in the patient’s general wellbeing. The precordial heave, which 
formerly shook the bed, had disappeared entirely, and he no longer complained 
of the constant throbbing in his abdomen and head. 

Careful examination of the heart seven days after operation revealed no 
change in the relative cardiac dulness, but the large pulsating femoral artery, 
so strikingly visible in the left groin before operation, had greatly diminished. 
On palpating the femoral artery just below Poupart’s ligament, one was struck 
by a remarkable decrease in its size; its approximate diameter appeared to be 
1 cm., as contrasted with a preoperative diameter of 2 cm. September 12, 
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Fig. 5.—Changes in blood pressure (left arm) on closing and opening fistula. 
The lower line represents the fluctuations in diastolic pressure; the upper, in 
systolic pressure; A, fistula open; B, fistula closed by digital compression; C, 
fistula opened by release of compression. 


thirteen days after operation, a teleroentgenogram (Fig. 7) recorded a 
heart shadow of a total width of 13.5 cm. as compared to a preoperative reading 
of 15.8 cm. 

A gradual readjustment of blood pressure occurred as indicated in Figure 8. 
On the first day after operation, the systolic reading was 132, the diastolic, 105. 
The preoperative reading was: systolic, 120, diastolic, 66. This high reading 
gradually fell until the day of discharge, when it was: systolic, 104, diastolic, 
73, the systolic reading being considerably lower than before operation, the 
diastolic somewhat increased. An apparent readjustment in the blood picture 
also followed the operation. Previous to operation the red cells totaled 
3,880,000 per cubic centimeter. The second day after operation, the total was 
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5,500,000, indicating a concentration of blood. This high red cell count gradually 
fell until the day of discharge, when it was 4,480,000. The significance of this 
will be made clear later. 


COM MENT 


The most startling feature in connection with the case was the 
behavior of the general blood pressure dependent on conditions at the 
fistula. In looking through the hospital records, I could find very 
little information comparable to our present observations. 


C. B., operated on by Dr. Halsted in 1916 for a fistula in the right Hunter’s 
canal, had a very large heart with a hugely dilated proximal artery. Previous 
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Fig. 6.—Condition found at operation. 


to operation, blood pressure readings ranged around 120 systolic, 60 diastolic 
(left brachial). No further comparable observations were made until six weeks 
after operation, when a blood pressure of 145 systolic, 114 diastolic in the 
left brachial artery was recorded; a rather remarkable increase, and apparently 
sustained over a long period of time. 


Bramann® records a case of arteriovenous fistula of the ulnar 
vessels in which blood pressure readings were 58 to 69 systolic 
before operation, and 116 to 130 systolic after operation, as read 
by a Ludwig’s manometer. In one of Dr. Reid’s cases of arterio- 


6. Bramann, F.: Das arteriell-vendse Aneurysma, Arch. f. klin. Chir. 33:1, 


1886. 
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venous fistula of the carotid and jugular vessels an unexplained brady- 
cardia was present for several days after operation. Injury to the 
vagus at the time of operation was considered as a possible cause of 
this bradycardia, but it was most probably due to the altered condition 
in the general circulation following closure of the fistula. 


— 











Fig. 7.—Teleroentgenogram taken thirteen days after operation, showing 
marked reduction in size of heart. 


CAUSE OF BLOOD PRESSURE VARIATIONS 


In seeking a cause for these blood pressure variations, I find that one 
can postulate what seems to be a well justified explanation on the 
basis of the physiology of the circulatory system. The same physiologic 
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basis leads us to certain important and clarifying conclusions with 
reference to cardiac hypertrophy and proximal dilatation of the artery. 
Normally, the circulatory system, with reference to blood pressure, is 
a single closed system, namely, heart, arteries, capillary bed and veins, 
with a single pressure and a single peripheral resistance. The mean 
systemic pressure in such a system varies according to alteration in 
(1) total capacity of the system either by contraction or dilatation of 
the vessel walls; (2) total volume of circulating fluid; (3) heartbeat 
and cardiac output, or (4) peripheral resistance. An alteration in any 
one factor may call into action alterations in another, and the mean 
systemic pressure is dependent on a proper balance of these four 
factors. 
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Fig. 8—Gradual readjustment of blood pressure (left arm) following opera- 
tion. The lower line represents fluctuations in diastolic pressure; the upper, 
in systolic pressure. Operation was performed August 31. 


Following the production of an arteriovenous fistula, there is an 
upset of this balance and a number of compensating changes are 
called into action (Fig. 9). The original system (a), consisting of 
heart, arteries, capillary bed and veins, now gives place to two systems 
supplied from a common source, the second system (b) consisting of 
heart, artery, fistula and vein. The two systems may be pictured as 
two columns of blood with a common source of supply, but with a 
tremendous difference in peripheral resistance. It is an axiom that 
water will flow along the line of least resistance. Hence theré would 
be a tendency for practically the entire blood volume to flow through 
system b if the difference in resistance to flow through the two systems 
is great enough. To maintain a flow through system a, therefore, it is 
absolutely essential to maintain a comparatively normal general pressure 
so that blood will flow through a as well as b. 








arterial pressure. 
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READJUSTMENTS FOLLOWING PRODUCTION OF FISTULA 


Recalling the four factors concerned in maintaining a normal blood 


pressure, the readjustments which occur on production of a fistula may 
be enumerated as follows: 


1. There is a great decrease in peripheral resistance, resulting in 


an immediate fall in blood pressure. Of course, blood pressure is not 





Fig. 9—Schema of circulation following production of arteriovenous fistula 


the result of peripheral resistance, but the general effect of the presence 
of such a peripheral resistance is to enable the heart to produce a high 


Remove that resistance and blood pressure falls. 
Efforts to compensate for this fall in pressure are several. Arterial 
pressure reduced to its simplest terms is the resultant of two factors: 
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(1) the amount of blood entering the arterial system from the heart, 
and (2) the amount of blood leaving the arterial system through the 
capillaries, and in this case through the fistula. Therefore, to offset the 
greater volume of blood leaving the arterial system through the fistula, 
we must increase the amount of blood entering the arterial system from 
the heart. 


2. Cardiac output, in turn, depends on several factors: (a) the 


amount of blood contained in the heart at the beginning of each con- 
traction; (b) the strength with which the heart beats, and (c) the 
number of contractions per unit of time. The filling of the heart at 
the beginning of each beat is in turn dependent on the amount of blood 
which is available to fill the cavities, and therefore on the pressure in 
the great veins. Increased frequency of heart rate alone need not neces- 
sarily increase the total output of the heart into the arterial system. 
If the veins are not filled more rapidly, it is not possible to obtain more 
blood to put into the arterial side, however frequent the heart beat. 
There will be, therefore, an optimum frequency of heartbeat which will 
depend on the state of filling of the great veins. The fuller these are, 
the more rapidly the heart may beat without diminution of total output. 

In a fistula, there is a marked increase in venous pressure, a rapid 
filling of the great veins, and a probable dilatation also of the right 
side of the heart, which receives the increased blood from the over- 
filled veins. Bayliss* states that “the inflow from the veins is, prac- 
tically, the determining factor in the work done by the heart.” In 
a fistula, the inflow from the veins is greatly increased. This is due 
in part to the increase in velocity of flow around the system b. Velocity 
of flow varies directly as the difference in pressure between two points 
and inversely as the resistance between two points. In a fistula, there 
is a marked sudden difference in pressure between the two connecting 
points, the artery and vein, and a marked diminution in resistance, both 
factors favoring an increased velocity of flow from artery to vein, and 
therefore around the system b. If the work depends on the inflow 
from the veins, as Bayliss states, the work of the heart is greatly 
increased in an arteriovenous fistula, and the physiologic response to 
increased work is hypertrophy. The volume of blood which flows 
through the heart per unit of time is obviously greatly increased when 
a short circuiting of the flow occurs, as in a fistula. To take care of 
this increased volume of blood, the heart works more rapidly and 
with greater force, but, in the presence of a fistula, without a rise in 
blood pressure. 


7. Bayliss, W. M.: Principles of General Physiology, New York, Long- 
mans, Green and Company, 1918. 
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The great increase in cardiac effort was well illustrated in our 
clinical case in which the bed shook with each systole and in which 
operation brought relief from the excessive pounding of the heart. 
Following the operation, the blood pressure was maintained at a higher 
level in spite of a tremendous decrease in cardiac effort. The increase 
in pulse rate, and therefore in cardiac effort, is well shown in a number 
of experiments performed by me three years ago, under the direc- 
tion of Dr. Mont Reid, in which fistulas were produced between the 
carotid and jugular vessels in a dog. The pulse rate was noted 
before and after opening the fistula, and at each operation there was 
an immediate rise in pulse to an almost uncountable rate: in Dog 1, 
from 140 to 220; in Dog 2, from 160 to 220; in Dog 3, from 150 to 180; 
in Dog 4, from 100 to 190; in Dog 5, from 110 to 192. 


3. The third factor to be considered as taking part in the readjust- 
ment of arterial pressure in the presence of a fistula is the alteration in 
the volume of circulating fluid. Any lowering of blood pressure 
causes an absorption of fluid from the tissues into the blood. For 
example, the blood content during the last stages of bleeding may con- 
tain little more than from 50 to 60 per cent. of the blood which was 
present in the first specimens, pointing to a corresponding dilution by 
tissue lymph. Our clinical case gives some slight evidence of this 
adjustment. <A red cell count of 3,880,000 before operation is increased 
to 5,500,000 immediately after operation, pointing to a concentration of 
blood by loss of plasma when the larger volume was no longer needed 
owing to the repair of the fistula. This high red cell count dropped 
within two days to 4,800,000, indicating a gradual readjustment of 
blood volume. Experimental results are not available as yet, but 
blood volume studies are being made on our experimental animals by 
Dr. Harry P. Smith of the department of pathology. It is a point 
which should be demonstrable, as it is on the increase in total quantity 
of blood and primarily on the increase in volume of blood flowing 
through system 0b, that the dilatation of the artery depends. The 
sequence of events, which may again be explained on a physiologic 
basis, is probably as follows: 

The fistula results in such a lowering of pressure in system b that 
the tendency is to divert a larger volume of blood through this route. 
To accommodate this increased volume of blood, there must be a 
widening of the blood stream, and particularly of the distensible elastic 
arterial wall and vein. With a fistula sufficiently large, it is obvious that 
practically the entire blood stream would be diverted through )b, if it 
were not for the resistance to distensibility offered by the vessel walls. 
That the entire blood volume is not diverted through b depends, there- 
fore, on the resistance offered by the fistulous opening and by the 
limited distensibility of the vessel walls. The volume of blood through 
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b will increase until the resistance to its flow through b equals the 
resistance to its flow through a. If the fistulous opening is small or 
if it is a mere slit, a point is soon reached at which the resistance at 
the fistula to the flow of the increased volume of blood equalizes the 
arterial resistance in a, thus establishing an equilibrium in the two 
systems. If the opening is large, the only resistance which can be 
developed is that offered by increasing the column of blood flowing 
through the opening, the size of this column of blood being limited 
only by the distensibility of the vessel wall; that is, the volume of 
blood flowing through b will need to be increased until the resistance 
offered by the fistula can be supplemented by the resistance to the flow 
of a larger volume through a tube of limited capacity. Hence, the 
dilatation of the vessel will depend in great measure on the cross 
section of the fistula—a narrow slit will afford considerably more 
resistance than a rounded opening, a small opening more than a large 
opening. 

This increase in blood volume through system b is furnished from 
two sources: (1) an increase in total volume of circulating blood, (2) 
at the expense of blood flowing through a. That this increase in blood 
volume flowing through b is partly at the expense of blood flowing 
through a is suggested in our clinical case by (1) the dizziness and 
faintness of the patient on rising from a sitting posture, and (2) his 
inability to work in a mine, apparently owing to imperfect oxygenation 
of the tissues due to an inadequate flow of blood through them. 

4. The last factor in the maintenance of pressure to be considered 
is the alteration in the total capacity of the system by contraction or 
dilatation of the vessel walls. Vasoconstriction occurs with fall in 
blood pressure, but contraction of the vessel walls in the presence of 
a fistula results only in a diversion of even more blood through system b 
and the fistula. 

The extent to which these various factors are called into play in any 
fistula depends primarily on the size of the fistula and the resistance 
offered to the flow of blood through it. The fall in blood pressure 
depends wholly on the amount of blood which can be diverted through 
the fistula, and back to the heart. Similarly, any compensatory changes 
in cardiac output, in an increased blood volume and in alteration in 
capacity of the system will depend on the volume of blood diverted 
through the fistula, and hence on the size of the fistula. A small open- 
ing is easily taken care of, but a large opening suddenly acquired can 
conceivably result in immediate death; in fact, while we were working 
on the problem in 1919, as many dogs died on the table as lived follow- 
ing the opening of the fistula. These deaths were then unexplained, but 
they were probably due to too great a diversion of blood through the 
fistula. 
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The dilatation of the artery is then, I believe, dependent primarily 
on the cross-section size of the fistulous opening; and dilatation will 
continue until the resistance at the fistula prevents any further increase 
in the quantity of blood passing through the fistula. I believe it can 
be proved experimentally that the artery will dilate over a period of 
years until the cross section of the artery equals the cross section of 
the fistula. In our clinical case, there was a history of gradual cardiac 
decompensation over a period of five years, and the reported cases 
emphasize the fact that the dilatation is dependent on the duration of 
the fistula. 

EXPERIMENTAL DATA 


Our experimental evidence is still meager, but if our assumption 
that the entire process can be explained on physiologic grounds is 
correct, one should be able not once but always to reproduce our 
clinical picture in animals. Accordingly, a fistula was produced between 
the femoral vessels of a large mongrel (L 1), and numerous blood 
pressure readings were made by Dr. Alfred C. Kolls of the department 
of physiology, who collaborated with me in this experimental study. 
The tracings have been obtained by means of a modified Erlanger blood 
pressure apparatus which Dr. Kolls has adapted for use on a dog. 
Just previous to the release of the clamps used in producing the fistula, 
the following observations were made: pulse, 148; respirations, from 
40 to 44; blood pressure, 204 systolic, 124 diastolic. The clamps were 
removed, and an immediate acceleration of pulse occurred from 140 to 
224. Respirations were slightly increased, and the blood pressure had 
dropped from 204 systolic, 124 diastolic to 176 systolic, 80 diastolic. 

On closing the fistula by digital pressure, the blood pressure readings 
revealed an immediate recovery to 208 systolic, 110 diastolic. A reading 
with the fistula opened again was 200 systolic, 80 diastolic. Pressure 
readings below the fistula read 103 systolic, 30 diastolic, 135 systolic, 
30 diastolic. November 3, readings showed a pressure of 190 systolic, 
80 diastolic with the fistula open, and 205 systolic, 96 diastolic with the 
fistula closed. On the same day, a tracing (Fig. 10) showed the pro- 
found effect on systemic pressure produced by opening and closing the 
fistula. Digital pressure over the site of the fistula sufficient to obliterate 
the opening resulted in an immediate response, with an increased blood 
pressure and a diminished pulse rate. Readjustment occurred within 
a few seconds, and on opening the fistula, there was an immediate 
fall in pressure and an increase in pulse rate. Repeated identical 
observations were made (Fig. 11), all illustrating the same variations in 


pulse and general blood pressure on the opening and closing of the 
fistula. 
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It is interesting to speculate on the reasons for the fall in pulse 
rate incident to closure of the fistula. Closure of the fistula results in 
a filling up of the aorta by the volume of blood which formerly leaked 
through into the veins. This produces an increase in aortic pressure 
which stimulates the depressor fibers of the vagus in the arch of the 
aorta, and reflex slowing of the heart is the result. 
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Fig. 10—Changes in general blood pressure on closing and opening an 
artificially produced arteriovenous fistula in a dog, twenty-four days after 
formation of fistula. The effect on pulse rate is also shown. 
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Fig. 11—Pulse rate variation on closing and opening an artificially produced 
arteriovenous fistula; C, fistula close; O, fistula opened. (Dog L 1, Nov. 3, 1922.) 





It is obvious from these records that very definite experimental 
evidence is available, confirming the clinical observations. Experiments 
are now under way to determine the effect of the size of the fistula on 
subsequent dilatation of the artery and on cardiac response. One can 
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almost venture the prediction that dilatation will occur only if the fistula 
is larger in cross section than the cross section of the artery, and that 
the dilatation will then proceed until these cross sections are approxi- 
mately equal. 

CONCLUSIONS 

1. Proximal dilatation of the artery is explicable on purely physio- 
logic grounds. It is dependent primarily on an increase in the total 
volume of circulating blood and more particularly on an increase of 
blood flowing through the system of heart, artery, fistula and vein, an 
increase in volume which is one of the compensatory changes necessary 
to rectify the fall in blood pressure incident to the greatly decreased 
peripheral resistance in the presence of a fistula. 

2. Cardiac hypertrophy and dilatation are also explicable on purely 
physiologic grounds, hypertrophy being a response to the increased 
work necessary in handling the increase in volume of blood flowing 
through the heart per unit of time; and dilatation being the result of a 
general dilatation of the system, heart, artery, fistula and vein produced 
by the increased volume of blood flowing through it. 











THE SKIN SIGNS OR VISCEROSENSORY PHENOMENA 
IN ACUTE APPENDICITIS * 
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Adjunct Assistant Visiting Surgeon, Bellevue Hospital 


NEW YORK 


The viscerosensory phenomena are altered responses to stimuli, 
applied to the superficial structures of the body wall; these altered 
responses being caused by acute diseases of certain internal organs. 
Such manifestations are referred to, in this article, as skin signs. 
The explanation of these phenomena is difficult. The presence of an 
acute disease within a viscus causes afferent impulses, which pass 
through the paravertebral ganglions (thoracicolumbar outflow of the 
autonomic system), reaching the spinal cord through the posterior 
root ganglions of the central nervous system and passing thence to 
the brain, as shown in Figure 1. Within the spinal cord and the 
sensory ganglions, the fibers carrying these impulses lie in close 
proximity to, or synaptic relation with, the central endings of sensory 
fibers originating in the body wall. During an acute disease within 
a viscus, the patient may—because of this central connection of 
visceral afferent fibers with sensory fibers from the body wall—believe 
that the impulses causing his pain have their source in the associated 
areas of the body wall (Fig 1, b) rather than within the viscus, where 
they actually originate (Fig. 1,a). For the same reason, stimuli applied 
to the associated skin area, during such a visceral disease, give more 
marked responses than the same grades of stimuli applied to other 
portions of the skin. Such associations of skin areas with viscera 
follow the segmental distribution of the “cord zones” of the skin, as 
described by Head." 

The present conception of the innervation of the viscera with refer- 
ence to the so-called reflex phenomena, which may be observed within 
other organs and on the body wall as the result of a disease within a 
viscus, is relatively new. The clinical application of this knowledge is 
still more recent and incomplete. Since the initial comprehensive study 
of the autonomic nervous system published by Langley, he,? Gaskell,’ 


*From the Third Surgical Division of Bellevue Hospital and the Depart- 
ment of Experimental Surgery, New York University and Bellevue Hospital 
Medical College. 
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Sherrington,* Bayliss,° Starling ® and other physiologists have carried 
to its present status our knowledge in this field of neurology. The 
chief clinical applications have been made by Head,’ MacKenzie,’ 
Sherren,* Eppinger and Hess.® In the United States, the outstanding 
contribution to the subject is that of Pottenger,’® whose book “The 
Symptoms of Visceral Disease” contains a large amount of original 
work, particularly with reference to diseases of the chest. 

Our interest in the subject of the viscerosensory phenomena was 
aroused by isolated observations of skin signs in acute appendicitis. 
The present studies followed, and aim at the appraisal of such signs 
in disturbances of the following tubular structures: the appendix, 
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Fig. 1—Schematic representation of the viscerosensory phenomena (skin 
signs) of acute appendicitis. 
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ureter, fallopian tube and biliary ducts. This work has been done on 
the Third Surgical Division of Bellevue Hospital (service of Dr. 
George David Stewart) and in the clinics and surgical laboratory of 
New York University and Bellevue Hospital Medical College. 

The present article deals with acute appendicitis. It aims (1) to 
evaluate the skin signs in acute appendicitis; (2) to indicate a 
cutaneous triangle for use in differential diagnosis, and (3) to suggest, 
a simple technic for testing skin signs, which will give the most satis- 
factory results. Four tabulations are presented. Tables 1 and 2 present 
the earlier work; Table 3 and Figure 2, the more recent work. In these 
tabulations, the typical symptoms of appendicitis—pain, tenderness, 
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Pain Vomiting | Tenderness Rigidity Temperature Leakocytosis Skin signs 
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Fig. 2—Comparative frequency of classic signs of acute appendicitis in fifty- 
four cases (all cases in Table 3 except Cases 2, 5, 8, 51, 56, 59 and 61), in which 
skin tests were not made. 


nausea or vomiting, elevated temperature, leukocytosis, ete——are pre- 
sented, and the presence or absence of skin signs noted in all cases 
coming under observation. Table 1 covers all patients operated on 
under the diagnosis of acute or subacute appendicitis on the Third 
Surgical Division of Bellevue Hospital during the period from March, 
1919, to July, 1920. All skin signs presented in this table were observed 
by me. They carried no weight in arriving at the diagnosis, being 
made solely as a matter of investigation. Table 2 concerns those cases 
from Table 1 in which the skin signs were negative or atypical. Table 3 
covers all cases discharged with the diagnosis of acute appendicitis on 
the same division between the months of January and December, 1922. 
In the latter series, the cutaneous observations were made by more than 
twenty observers—attending surgeons, interns and student clerks—only 
two observations being made by me. In the latter series also, these 
signs were utilized in arriving at the final diagnosis. 
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The skin signs found in appendicitis are enumerated toward the 
close of this article, with a suggested technic for their use, and a review 
of the work previously done in this field. The typical signs, as recorded 
in the charts are localized within a triangle. A line from the umbilicus 
to the highest point on the right iliac crest forms the upper side; a 
line carried from this point to the right pubic spine forms the lower 
side, and a line from the right pubic spine to the umbilicus closes the 
triangle (Fig. 3). Though this triangle does not correspond to any 











Fig. 3—Skin triangle for acute appendicitis: Superior limb of triangle: 
umbilicus to summit of right iliac crest; inferior limb: summit of right iliac 
crest to right pubic spine; base of triangle: umbilicus to right pubic spine. The 
line from the anterior superior spine of the ilium to the umbilicus bisects the 
triangle. Skin signs present within triangle only and maximal at its center are 
considered confirmatory of appendicitis (disregarding posterior hyperesthesia). 
Those maximal beyond this triangle are considered negative for acute 
appendicitis. 


cord zone or zones and does not include the region of hyperesthesia 
which is present dorsally, it is of great clinical value. Skin signs within 
this triangle and maximal at its center constitute confirmatory evidence 
of appendicitis. When the signs extend definitely beyond its borders 
upon the anterior abdominal wall or are maximal elsewhere, they are 
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considered negative for appendicitis. Skin signs above the superior 
line of this triangle suggest cholecystitis, etc., while those below its 
inferior line suggest right renal colic, etc. 

Table 1 presents a series of seventy-five consecutive cases clinically 
diagnosed as acute appendicitis. The skin signs were positive in fifty- 
four and negative in twenty-one instances. All patients presenting 
positive signs had acute appendicitis ; eleven of those presenting negative 
signs had gangrenous or perforative appendicitis. In the remaining ten 
negative cases, the findings were: general peritonitis of unknown origin, 
one case (18) ; pneumonia, two cases (4, 21) ; acute gastritis, one case 
(29) ; pulmonary tuberculosis, two cases (53, 68) ; right renal calculus, 
the skin signs being present on the upper and inner portion of the 
right thigh, one case (41); hemorrhagic ovarian cyst, the skin signs 
being present over the middle of Poupart’s ligament only, one case (51). 
In none of these ten cases was acute appendicitis present. 

Table 2 presents negative cases, excluding those of gangrenous or 
perforative appendicitis. 

This earlier study led to the following conclusions: 


1. All cases of acute appendicitis in which the organ has not become 
gangrenous or necrotic present localized skin signs. 

2. The presence of skin signs within the triangle described confirms 
the diagnosis of appendicitis. 

3. Not all cases of gangrenous or perforative appendicitis present 
skin signs. 

4. If skin signs are negative or are present elsewhere, in the absence 
of signs of gangrene or rupture of the appendix, the case is not one of 
acute appendicitis. 

These conclusions were based on results more definite than those 
reported by other investigators, and for this reason were not published 
until confirmed by a large group of observers having no special interest 
in the subject. Accordingly, rubber stamps for the charting of skin 
tests were provided for the wards of the Third Surgical Division, and 
interns and student clerks were asked to include such tests in the routine 
examinations. After an interval of two years, during which no special 
interest was maintained in reference to these tests, the charts from the 
hospital record room were reviewed in order to ascertain the results of 
these routine sensory examinations. 

Table 3 records all cases discharged from the Third Division with 
the diagnosis of acute appendicitis during the period from January 1 
to December 1, 1922. There are sixty-one cases of acute appendicitis 
in the series. More than twenty observers recorded the sensory obser- 
vations. Skin signs were positive in forty-seven cases and negative in 
seven. Tests were not made in seven cases of the series. In every 
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tested case of appendicitis in which the organ was not gangrenous or 
perforated (forty-seven) positive skin signs were present in the triangle 
described. Approximately half the cases of necrotic or gangrenous 
organs presented no skin signs. The result of this case series, then, was 
identical with our previous findings. 

Furthermore, when the latter series is reviewed, the skin signs 
appear as constant and as valuable as any other sign or symptom. 
Figure 2 represents graphically the basis for this opinion. Excluding 
those cases in which sensory observations were not made (seven), the 
classic signs were present in fifty-four cases, as follows: pain, in 44; 
vomiting or nausea, 47; local tenderness, 41; local rigidity, 34; 
increased temperature, 45; leukocytosis, 47; skin signs, 47. The skin 
signs, then, were as frequent as leukocytosis or nausea and vomiting, 
and more frequent than typical pain, local tenderness, rigidity or 
temperature elevation. An analysis covering both series, or 136 cases, 
shows an almost identical relative frequency. 

In several instances, early in the investigation, the reliability of skin 
tests was questioned because of the presence of positive cutaneous signs 
for acute appendicitis when other findings pointed to another diagnosis. 
However, at operation an acute appendicitis was always found. This 
point is illustrated in the following case: 


W. T. (Case 65, Table 3), a man, aged 54, Irish, admitted, June 20, 1920, suf- 
fering from an incarcerated right scrotal hernia, had a normal temperature 
and pulse and had not vomited. The hernia, which had been present for twelve 
years, had always been reduced with ease until the morning of admission, when 
a physician, after unsuccessful attempts at reduction, had referred the patient 
to Bellevue Hospital. That evening, after several attempts, the hernia was 
reduced. On the second day after admission, the patient vomited twice. Rigidity 
of the entire lower abdomen developed and the temperature rose to 101.2 F. 
The blood count showed a leukocytosis of 22,000, with 87 per cent. poly- 
morphonuclear leukocytes. The skin signs were localized within the triangle 
previously described. In a patient, 54 years of age, with no history of previous 
abdominal attacks, and with a recently reduced incarcerated hernia, the diag- 
nosis of acute appendicitis did not seem probable, yet the skin signs were 
positive for that condition and the clinical picture could be explained by that 
diagnosis. At operation, there was found an acute hemorrhagic and suppura- 
tive appendicitis. The appendix and cecum were in the hernial sac. 


The earlier studies included tests for all forms of cutaneous sensi- 
bility. Stimuli for light touch, deep touch, heat and cold were separately 
employed. Tests of epicritic sensibility, with cotton wool, very light 
scratching, temperatures of small variations, etc., gave uncertain results. 
Many cases that were negative to such stimuli were positive to vigorous 
scratching, deep pinching and the extremes of heat and cold. We finally 
eliminated from our routine all carefully graded stimuli and all tests 
employing a light grade of stimulus. The technic has narrowed to one 
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form of test; namely, a vigorous twisting pinch of sufficient intensity 
to produce discomfort on normal skin. Such an uncomfortable pinch 
becomes exceedingly painful when applied with the same intensity on an 
involved zone. The basis of the test is the comparison of the slight 
discomfort on noninvolved skin with the severe pain on involved skin. 
One variation of this method consists in having the patient himself do 
the testing. Before any cutaneous tests have been made, he is shown 
how to pinch himself with this severe, twisting, irritating pinch and is 
then asked to apply it with equal intensity to all parts of his abdomen. 
If hyperesthetic zones are present, he will usually designate the fact and 
quite exactly delimit the involved area. Other methods of checking up 
the presence and degree of hyperesthesia are: the use of extremes of 
heat and cold (test tubes), deep scratching with a dull instrument, pull- 
ing the skin strongly away from the abdomen, deep pressure, etc. There 
is a great variety of methods of making such sensory tests, and each 
observer soon develops his method of choice. The essential point, 
regardless of methods employed, is to use a deep grade of stimulus. 

The novice in sensory examinations will experience as great difficulty 
with the first few cases tested as does the medical student in learning 
properly to detect the presence and the degree of muscular rigidity. 
Those using these tests for the first time should familiarize themselves 
with the details necessarily involved in sensory examinations. Several 
factors causing variations in skin signs must be borne in mind, such as 
the effect of morphin and of the local application of an ice bag, a toxic 
condition in the patient, gangrene of the appendix and early herpes 
zoster. The skin signs must be intelligently correlated with the other 
phenomena of the clinical picture. 

MacKenzie* and Head? wrote, in 1892, concerning skin signs in 
visceral disease. It was -‘Sherren,* however, in 1903, who first ade- 
quately drew attention to such signs in appendicitis, His admirable paper 
still forms the outstanding contribution to the subject. Four years 
later, Robinson ** conducted extensive studies, reviewing each point 
brought out by Sherren. Since that time, numerous references have 
been made to the subject, but no marked disagreement with the con- 
clusions of these authors has been expressed. Among the conclusions 
reached by Sherren concerning hyperalgesia in appendicitis are: 1. Such 
cutaneous phenomena are probably present in all first attacks of appendi- 
citis and are due to pressure within the appendix. 2. They may be 
absent in attacks following the first. 3. They gradually disappear dur- 
ing convalescence. 4. The absence of hyperalgesia in initial attacks 


11. Robinson: The Clinical Bearing of Cutaneous Tenderness in Various 
Acute Abdominal Disorders, Especially Appendicitis, Quart. J. Med. 1:387-416, 
1908. 
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indicates that the appendix has become gangrenous or necrotic. 5. The 
position of the appendix has no bearing on the location and occurrence 
of hyperalgesia. 6. Hyperalgesia is occasionally of use as an aid in the 
diagnosis of appendicitis. Robinson’s investigations agreed essentially 
with those of Sherren. The former, however, stated that he frequently 
found positive signs in the presence of gangrene or perforation of the 
appendix; that they were as frequent during subsequent attacks as in 
the initial attack, and that causes other than intralumenary pressure 
might give origin to the referred pain. He held that the prognostic 
value of such signs in cases of appendicitis was slight, but added that 
doubtful cases showing the hyperesthesia described by Sherren were 
almost always acute appendicitis. Sherren observed 124 cases, forty 
of which presented positive skin signs (32.3 per cent.). Robinson 
observed 123 cases, twenty-six being positive (21.1 per cent.). 

The present article concerns observations on 136 patients of 
whom ten did not have appendicitis and did not have positive 
skin signs. Seven were not tested. Of the remaining 119, 101 
presented positive signs (84.9 per cent.) and eighteen negative. In 
all negative cases with appendicitis the organ was either gangrenous or 
ruptured. The more positive findings presented in this article are due 
chiefly to the difference in the method of testing. Sherren stated that 
cutaneous hyperalgesia is tested by gently stroking the skin and that all 
pressure on deep structures must be avoided. Robinson wrote “It is 
obviously essential that pressure shall be exerted on no structure other 
than the skin,” and that “the best way is to pinch very lightly or to 
stroke the skin with a common pin.” We have found that such light 
forms of stimuli yield exceedingly uncertain results, with a percentage 
of positive cases closely parallel to that reported in the articles quoted. 
The essential of the technic here proposed is to use a twisting pinch, 
which is uncomfortable on any part of the skin, and undoubtedly stimu- 
lates subcutaneous and muscular sensory fibers as well as those of the 
skin. The severe pain caused by this grade of pinch in hyperalgesic 
zones is obvious, and the sign an objective one. It is likewise important 
to consider as positive only those cases in which the increased sensitive- 
ness upon the anterior abdominal wall is within the triangle described ; 
while cases in which the maximal intensity is beyond the borders of this 
triangle should be considered negative. Skin signs thus elicited and 
thus localized constitute evidence of great value in the diagnosis of 
acute appendicitis. 


340 Lexington Avenue 











STUDIES IN EXPERIMENTAL TRAUMATIC SHOCK 


VIIl THE INFLUENCE OF MORPHIN ON THE BLOOD PRESSURE 
AND ALKALI RESERVE IN TRAUMATIC SHOCK * 


McKEEN CATTELL, Pa.D. 


BOSTON 


Morphin was used extensively in the treatment of the wounded 
during the recent war, and at the present time it is almost routinely 
employed by many surgeons preparatory to operative procedures in 
civilian practice. The experiments herein reported were made in an 
attempt to determine the influence of morphin on the development 
of shock. The problem was studied from the point of view of a 
possible influence on the blood pressure and on the carbon dioxid 
capacity of the blood. Most of the observations were made at the 
Central Medical Department Laboratory, Dijon, France, during the 
summer of 1918. Preliminary reports’ have already been published, 
since which time a number of other articles have been added to the 
literature on the subject, and it seems worth while to present the 
results of these experiments in more detail. 


THE EFFECT OF MORPHIN ON THE BLOOD PRESSURE 


Literature —The early work dealing with the action of morphin on 
the circulation has been reviewed in a paper by Witkowski,’ published 
in 1877. In summing up the evidence, this author states that morphin 
does not affect the vagus or vasomotor centers, but that its administra- 
tion results in some depression of the blood pressure through a dilata- 
tion of the vessels, especially those of the skin, which is brought about 
by the inhibition of impulses which normally come from the higher 
centers and are responsible for the tone of the blood vessels. There is 
no evidence that morphin exerts any important action on the vasomotor 
system or blood vessels in ordinary therapeutic doses. It is a matter of 
common observation that the skin becomes flushed after the employ- 
ment of morphin, probably owing to some obscure central action, 
as suggested by Witkowski and also by Cushny.* In the isolated 


*From the Laboratories of Physiology, Harvard Medical School. 

1. Cattell, McKeen: Am. J. Physiol. 51:197, 1920. Cannon, W. B., and 
Cattell, McKeen: Experimental Traumatic Shock, Arch. Surg. 4:316 (March) 
1922. 


2. Witkowski: Arch. f. exper. Path. u. Pharmakol. 7:47, 1877. 


3. Cushny, A. R.: Textbook of Pharmacology and Therapeutics, Ed. 7, 
Philadelphia, Lea & Febiger, 1918, p. 247. 
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organs it has been definitely established that morphin increases the 
tone of smooth muscle. Macht * has made an extended study, using 
smooth muscle from the ureters, uterus, gallbladder, stomach and 
intestines, arteries, bronchioles, etc., and has uniformly found that 
morphin tends to increase peristalsis or the contractions of the organs 
and to raise or heighten their tonicity. Similar conclusions were 
reached by Okamoto,’ using the isolated uterus. 

With regard to the action of morphin on the heart in dogs and 
other mammals, all recent workers are agreed. Geschleiden,® Anders,’ 
van Egmond * and Guinard® have shown that the administration of 
morphin results in a slowing of the heart through a central influence 
on the vagus center. There may be a primary increase in rate, which 
is not due to a direct effect of morphin but to the effect of nausea. 
Along with the decrease in pulse rate, there is likely to be some 
irregularity, but this at once disappears and the heart returns to its 
normal rate after double vagus section. Similar conclusions have been 
reached by Einthoven and Weiringa,’® and by Eyster and Meek,” 
from investigations carried on by the use of the electrocardiograph, 
it being shown that the slowing and irregularities resulting from 
morphin injection disappeared after vagus section or the employment 
of atropin. Thus, there is definite evidence that in the dog morphin 
strongly stimulates the vagus center, but in man, with therapeutic 
doses, no such action has been observed. At most, there is but a 
slight slowing of the pulse, and this may be associated with the decreased 
activity. Observations on the effect of morphin on the isolated heart 
all point to the same conclusion: The experiments of Vinci’? and 
of van Egmond * on the isolated mammalian heart and of Snyder and 
Andrus '* and Hanzlik** on the coldblooded heart show that the 
employment of morphin results in an augmentation of tone, with an 
initial increase in rate followed by some slowing. 

The influence of morphin on the circulation as a whole appears to 
be somewhat uncertain, but in any case the changes of pressure which 


4. Macht, D. I.: J. of Pharm. & Exper. Therap. 11:389 (June) 1918. 

5. Okamoto, S.: Acta scholae med. univ. imp., Kioto 2:307 (March) 1918. 
6. Geschleiden: Unters. auf dem physiol. Lab. 2:1, 1869. 

7. Anders: Arch. f. exper. Path. u. Pharmakol. 72:331, 1913. 

8. Van Egmond: Arch. f. exper. Path. u. Pharmakol. 65:197, 1911. 

9. Guinard: Thése de Lyon, 1898. 

0. Einthoven, W., and Weiringa, J. H.: Arch. f. d. ges. Physiol. 149:48, 


11. Eyster and Meek: J. Pharmacol. & Exper. Therap. 3:468, 1912. 

12. Vinci: Arch. internat. de pharmacol. 17:5, 1907. 

13. Snyder, C. D., and Andrus, E. C.: J. Pharmacol. & Exper. Therap. 14:1 
(Sept.) 1919. 

14. Hanzlik, P. J.: J. Pharmacol. & Exper. Therap. 17:445 (July) 1921. 
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have been reported in man are very small. Christeller’® finds a 
transitory fall in blood pressure. Frenkel,'® on the other hand, found 
in man that the subcutaneous injection of 10 mg. of morphin caused 
either no change in blood pressure or a measurable increase. Capps 
and Matthews ** were able to observe no considerable change in arterial 
or venous pressure following the use of moderate doses of morphin. 
Cushny * states that after the employment of morphin the blood pres- 
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Fig. 1—Arrangement for controlling the cardiac output and consequently 
the height of arterial pressure by means of increasing or decreasing intraperi- 
cardial pressure. 


sure remains high and the peripheral arteries in general show no 
change in caliber, with the exception of those of the skin, which may 
be dilated. Thus, the evidence obtained from the literature gives us 
no reason to suppose that morphin has any deleterious action on the 
circulation, or that its use is contraindicated in shock. 


15. Christeller: Ztschr. f. Klin. Med. 3:33, 1881. 

16. Frenkel: Deutsch. Arch. f. klin. Med. 46:542, 1890. 

17. Capps, J. A., and Matthews, S. A.: Venous Blood Pressure as Influ- 
enced by the Drugs Employed in Cardiovascular Therapy, J. A. M. A. 61:388 
(Aug. 9) 1913. 
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Method.—Most of the experiments were performed on cats, but 
in a few cases dogs were used. Except when otherwise stated, the 
animals were anesthetized with ether. Morphin was administered sub- 
cutaneously in the form of a solution of morphin sulphate, rather large 
doses being used. In all the later experiments a uniform injection of 20 
mg. per kilogram of body weight was made. A series of experiments 
was carried out in which the blood pressure of the animal was reduced 





to 60 mm. of mercury for varying periods of time—a procedure which 
soon produces a permanent shocklike condition of low blood pressure— 
and comparisons made of the effect on the treated and untreated 
animals. The arterial pressure was reduced by a method for produc- 


18 


ing shock described in an earlier paper of this series;'* it consisted 
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Fig. 2—Gradual failure of the blood pressure to rise as the pressure is held 
at 60 mm. of mercury for successive periods of one hour and then released for 
five-minute intervals. 


of a cannula tied into the pericardial wall and connected with a 
reservoir of gum-salt solution. This is diagrammatically illustrated 
in Figure 1. 

By raising the reservoir the heart was subjected to an increased 
pressure which resulted in a decreased output and consequent fall 
in blood pressure. In this way the pressure was kept at 60 mm. of 
mercury; but at intervals of an hour, all pressure was removed from 
the heart for five minutes, and a record was made of the blood pres- 
sure at the end of the five minute period. The height to which the 
blood pressure rose gave a rough indication of the development of 


18. Cannon, W. B., and Cattell, McKeen (Footnote 1, second reference). 
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shock and served as a basis for comparing the morphinized with the 
unmorphinized animals. 

In connection with experiments on metabolism, other observations 
were made on the effect of morphin on the blood pressure of normal 
animals. In these cases ethyl carbamate (urethan), 2 gm. per kilo- 
gram of body weight, given by stomach, was the anesthetic used. 


Results —The extent of recovery of the blood pressure after the 
one-hour intervals of artificial depression to 60 mm. of mercury showed 
considerable variation, but in general the recovery became less with 
each successive period, until, after four or five hours, there was prac- 
tically no rise in blood pressure during the five minutes following 
the removal of the intrapericardial pressure. <A record from a typical 
experiment is reproduced in Figure 2, which shows the extent of the 


TaBLe 1.—The Extent of Recovery of the Blood Pressure During Five Minute 
Intervals, Following the Reduction of the Blood Pressure to 60 mm. of 
Mercury for Successive Periods of One Hour, in Thirteen Control Animals 


Original Blood Pres- Blood Pres- Blood Pres- 











Date Animal Blood sure After sure After sure After 
Pressure One Hour Two Hours Three Hours 

Pe ee ee Dog 120 108 74 69 
BS Pee Cat 174 80 7 
See ne Oat 128 96 98 102 
= eee oe Cat 140 104 88 64 
6 eee Cat 168 114 108 80 
i Eee Cat 134 98 88 82 
8 ee ey Cat 118 106 122 130 
Ec ibwtddwan meus Cat 136 120 102 74 
/_ ¢ Sean e Cat 80 70 60 6 
| Sarees Cat 122 90 96 80 
SE Mh. idadwaienaei Cat 32 84 4 82 
(3, a eee Cat 104 Ss 78 88 
gS ae Cat 142 86 107 1” 

Pian dutecdaseilevtevasedenesaet 120 97 bd S4 


recovery of the arterial pressure after successive hours of reduced 
pressure. A tabulation of the results from the individual experiments 
in unmorphinized animals is given in Table 1. 

In a second series of experiments, carried out in a similar manner, 
morphin was injected just before the blood pressure was reduced. 
Observations on the extent of recovery of the blood pressure in mor- 
phinized animals were made in eight cases, the average pressure at 
the start being 128 mm. of mercury. As before, the pressure was 
reduced to 60 mm. It rose during the five minute periods to an 
average height of 105, 105 and 110 mm. of mercury after the suc- 
ceeding one, two and three hours of low blood pressure. Unfortu- 
nately, the original records for four of these experiments were lost 
during transportation from France and so are not included in the 


table (Table 2.). 











CATTELL—TRAUMATIC SHOCK 101 

Figure 3 presents a comparison of the two series of experiments. 
On account of the individual variations it would not be safe to con- 
clude from these few observations that morphin has a beneficial effect ; 
but there is certainly no indication that it accelerates the production 
of shock. 

Blood pressure records were obtained from a few animals in which 
the only operative procedures were the insertion of tracheal and blood 
pressure cannulas. These cats were under ethyl carbamate anes- 
TABLE 2.—E-xtent of Recovery of the Blood Pressure During Five Minute 

Intervals, Following the Reduction of the Blood Pressure to 60 mm. of 
Mercury for Successive Periods of One Hour in Four 
Morphinized Cats 


Original Blood Pres- Blood Pres- Blood Pres- Blood Pres- 












































Date Animal Blood sure After sure After sure After sure After 
Pressure One Hour | Two Hours Three Hours Four Hours 
Ge Ble iia ceusatees Cat 150 96 98 106 110 
i. aa Cat 122 106 99 
. ee Cat 128 120 120 123 121 
- | eee Cat 134 bea 88 82 &8 
PN eidacecaleccedencciesar 134 105 101 104 106 
TABLE 3.—The Effect of Morphin on the Blood Pressure of Cats 
Anesthetized with Ethyl Carbamate 
Blood Pressure Before and After Morphin 

Date One-Half Just One-Half One Two 

Hour Before, Hour Hour Hours 

Before, Mm. After, After, | After, 

Mm. Mm. Mm. m. 

3 Seer a 134 115 R RS | 88 
Sa aR ae ae 112 140 104 122 | 147 
Ey Mtinak ng «an canieten 132 112 88 96 104 
See Re 140 130 125 139 136 
= ae eee 122 100 105 116 | 114 
ee, eRe = SES 128 119 103 112 118 


thesia, and morphin was given in the usual dose (20 mg. per kilo- 
gram), subcutaneously. The effect on the blood pressure is shown 
in Table 3. 

These experiments show a slight drop in blood pressure during 
the first hour previous to the administration of morphin, possibly 
due to the effects of the anesthesia. Immediately after giving morphin, 
there is a considerable further drop, but this is quite temporary. The 
average figures show practically complete recovery of the blood pres- 
sure to the original height within two hours after the injection of 
morphin. It thus appears that, in the cat, even large doses of morphin 


cause only a temporary depression of the blood pressure. 





102 ARCHIVES OF SURGERY 
THE EFFECT OF MORPHIN ON THE ALKALI RESERVE 


During the last few years, several investigations have appeared 
in the literature on the influence of morphin on the alkali reserve, all 
of which agree in finding an increased carbon dioxid content of 
the blood. As long ago as 1895, Filehne and Kionka ** reported that 
blood in morphinized rabbits was richer in carbon dioxid, which they 
concluded was due to a respiratory depression. Barbour, Maurer and 
von Glahn *° in 1916 found that the injection of morphin in human 
subjects resulted in an increase of alveolar carbon dioxid, indicating 
an increased alkali reserve. Since then Underhill, Blatherwick and 
Goldschmidt ** have reported that the subcutaneous injection of mor- 
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Fig. 3—Average recovery of the blood pressure after successive hours of 
artificially reduced pressure in a, the control series, and in b, those animals that 
received morphin before pressure was reduced. 


phin in dogs results in the secretion of a strongly alkaline urine, owing 
to the presence of carbonates; but such an effect was not obtained in 
rabbits. Henderson and Haggard ** observed that morphin raises the 
carbon dioxid capacity of the blood, an effect which they attribute 
entirely to an increased alveolar carbon dioxid tension resulting from 


19, Filehne and Kionka: Arch. f. d. ges. Physiol. 62:201, 1895. 

20. Barbour, Maurer and von Glahn: J. Pharm. & Exper. Therap. 8:124, 
1916. 

21. Underhill, Blatherwick and Goldschmidt: Proc. Soc. Exper. Biol. & 
Med. 14:83, 1917. 


22. Henderson, L. J., and Haggard, H. W.: J. Biol. Chem. 33:333 (Feb.) 
1918. 
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the depression of the respiration. The first direct observations on the 
action of morphin on the alkali reserve were made by Hjort and 
Taylor ** in 1919. These investigators found that in dogs gassed with 
fatal concentrations of chlorin there is a rapidly advancing acidosis, and 
that in this condition the subcutaneous injection of morphin temporarily 
prolongs the maintenance of a high alkali reserve. Even in normal 
dogs the alkali reserve was increased by morphin injections. Quite 
recently two other papers on the subject have appeared; Gauss ** has 
found that morphin, administered subcutaneously to rabbits, dogs and 
sheep, distinctly increases the alkali reserve of the blood plasma, and 
slightly increases the hydrogen ion concentration. In four trials in man 
a dose of from one-quarter to one-half grain of morphin produced but 
a slight and uncertain increase in the alkali reserve. Stehle, Bourne 
and Barbour,”® working on dogs, found that with ether-morphin anes- 
thesia there was, as a rule, practically no fall in the carbon dioxid capac- 
ity of the blood, whereas with ether alone the carbon dioxid capacity 
was distinctly reduced. 

Method.—In the following experiments an effort was made to 
determine the effect of morphin on the reduction of the alkali reserve 
which occurs in shock and low blood pressure. The method used was 
similar to that carried out in another research ** in determining the 
effect of uncomplicated low blood pressure on the alkali reserve, and 
some of the results of this work were used as a basis for comparing 
the morphin effects in the present research. Most of the experiments 
were performed on cats, but in a few cases rabbits or dogs were used. 
Ether was found to be a satisfactory anesthetic, preliminary observa- 
tions showing that under the conditions of the experiments, it pro- 
duced but a slight decrease or no effect on the alkali reserve. A cannula 
was placed in the pericardium for the control of the arterial pressure, 
which in these experiments was uniformly reduced to 60 mm. of 
mercury. The details of the method are outlined in the first section 
of this paper. The blood pressure was recorded by a mercury manome- 
ter connected to one carotid, and a second cannula was placed in 
the other carotid or the femoral artery to obtain blood samples for 
the bicarbonate determinations. For each analysis about 3 c.c. of 
blood was taken in a graduated tube, centrifuged and the alkali reserve 
of the plasma determined by the Van Slyke ** method. Just before 


23. Hjort, A. M., and Taylor, F. A.: J. Pharmcol. & Exper. Therap. 13:407 
(Aug.) 1919. 

24. Gauss, H.: J. Pharmacol. & Exper. Therap. 16:475 (Jan.) 1921. 

25. Stehle, R. L., Bourne, W. and Barbour, H. G.: J. Biol. Chem. 53:341 
(Aug.) 1922. 

26. Van Slyke, D. D.: J. Biol. Chem. 30:347 (June) 1917. 
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reducing the blood pressure and at intervals of an hour throughout 
the course of the experiment, a blood sample was taken. Usually, 
no difficulty was experienced in keeping the arterial pressure at the 
desired level of 60 mm. of mercury. Sometimes, just after reducing 
the blood pressure, it was necessary to adjust the pressure on the 
heart repeatedly in order to hold it constant, but usually an equilibrium 
was reached in a short time. A few experiments had to be discarded on 
account of irregularities of pressure. Morphin was given by subcu- 
taneous injection, in large doses; i. e., from 10 to 20 mg. per kilogram 
of body weight. In some of the experiments this injection was given 


TaBLeE 4.—Blood Pressure Reduced to Sixty Millimeters for One Hour 

















Original Alkali Reserve 
Date Animal Blood ——-- - oo 
Pressure Start One Hour 
gi ge ee ee ee Cat 178 38 35 
cc Eh og ante send oeakedseeanbenie Cat 124 31 20 
fe ae ee ee eee Rabbit ane 27 18 
ED MR inch od ioe is diene da ene peuewelee Cat cae 37 20 
SI cacnevine coundntecbonuedecen dees Cat 136 30 19 
Sh iewaetwaddvendedannuns cbewnnee Cat 114 26 19 
Pe icktcen6asened edd cereus Jone awe 31.5 21.8 
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Original | Alkali Reserve 

















Date Animal Blood 
Pressure Start One | Two Three Four 
Hour | Hours Hours Hours 
BE ant ecnseueedenseee Cat 130 | 39 36 | 32 32 
7 a aageseaie Dog 120 | 8% 2 | 2 19 20 
EES ar Cat 128 35 32 | 33 33 
Te crdcenktvecsaeeds Cat 140 31 14 | 18 19 
[( Q ere Cat 118 37 29 29 27 29 
int pe View neteens Cat 109 33 30 25 27 
BPI,» chdateeseee<s 34.7 27.1 26.1 26.1 


before the reduction of the blood pressure, and in others, not until 
after the animal had been subjected to the low pressure for an hour. 

Results—The results of the determinations of the alkali reserve 
for the whole series of animals, with and without morphin, are sum- 
marized in Tables 4, 5, 6 and 7. 

Tables 4 and 5 give figures obtained from animals in which the 
pressure was reduced to 60 mm., but to which no morphin was given. 
It will be seen that there is quite uniformly a marked decrease in the 
alkali reserve, which occurs largely during the first hour of reduced 
blood pressure and remains low throughout the course of the experi- 
ment. Table 6 shows the result of injecting morphin after the pres- 
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sure had been low for one hour and the alkali reserve already at a 
low reading. ‘The average figures show a recovery of the alkali reserve, 
which during the following two hours nearly reaches the normal figure. 
The prevention of the usual acidosis, when morphin is injected before 
reducing the blood pressure, is shown by the averages given in Table 
7, in which there is but a slight reduction of the alkali reserve during 
the first hour, and after three hours the figure is actually above that at 
the start before the blood pressure is reduced. The averages for these 
experiments are plotted in the curves illustrated in Figure 4. 


TABLE 6.—Effects of Morphin Given One Hour After Reduction of Blood 
Pressure to Sixty Millimeters of Mercury 























O viginal Alkali Reserve 
Date Animal Llood - 
Pressure Start One Two Three Four 
Hour Hours Hours Hours 
2 eee Dog 138 24 15 11 12 18 
. eee Dog 128 23 16 20 22 23 
I icih ica ae attrup eres ale Cat 150 35 21 27 29 34 
8 EE eee Cat 120 35 35 37 42 
RF indenesbseveene Cat 118 30 20 21 31 
eck aechaie Cat 150 32 23 23 28 
. lL eee Cat 156 36 21 23 22 22 
RES aR ree Cat 120 26 24 29 35 36 
M65 sak cedencex 20.1 21.9 23.9 27.6 





TasLe 7.—Effects of Morphin Given Just Before Reducing Blood 
Pressure to Sixty Millimeters of Mercury 














Original Alkali Reserve 
Date Animal Blood |— — 
Pressure | Start One Two Three Four 
Hour Hours Hours Hours 
Ss ia Senn vaauddades Cat 100 32 34 39 37 35 
Cat 134 35 32 36 37 39 
Cat 142 29 27 27 31 33 
Cat 114 41 33 35 34 
Cat 128 30 34 33 32 
Cat 120 34 33 34 37 35 
33.5 32.2 34.0 34.7 











Comment.—The explanation of the influence of morphin in prevent- 
ing the development of acidosis and in increasing the alkali reserve is 
not clear. Henderson and Haggard ** have shown that changes in 
the carbon dioxid capacity of the blood follow changes in the respira- 
tion, and explain the action of morphin by its effect in depressing the 
respiratory center. This, however, cannot be the whole explanation, 
as similar changes were found in those experiments carried out under 
artificial respiration at a uniform rate. In Tables 6 and 7 the experi- 
ments marked with an asterisk were carried out under artificial respira- 
tion, and the changes in the alkali reserve do not differ markedly from 
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the general averages. It seemed possible that the recovery of the alkali 
reserve under the influence of morphin might be associated with a 
reduction of the oxygen requirements, through a fall in metabolism, 
so that the circulation even at the low pressure became adequate, and 
a few experiments on the effect of morphin on the metabolism have 
been carried out to test this view. 


THE INFLUENCE OF MORPHIN ON METABOLISM 


The experiments described under this heading were carried out in 
collaboration with Dr. J. C. Aub and Miss E. M. Bright. 
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Fig. 4—Changes in percentage by volume of carbon dioxid (the alkali 
reserve) of the blood plasma in cases in which the blood pressure was lowered 
to 60 millimeters of mercury for three hours, in a without other action, in b 
with previous injection of morphin and in c with morphin injected after one 
hour of low pressure. 


Literature—A recent paper by Hjort and Taylor ?* opens with 
the statement that “the depressant action of morphin upon the various 
bodily functions leads, as is well known, to a diminished metabolism, 
as indicated, for example, by lessened carbon dioxid excretion by the 
lungs.” It is generally assumed that morphin and other narcotics 
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depress the metabolism, and such statements occur frequently in the 
literature, but the experimental evidence upon which they are based 
is not evident. As long ago as 1874 Boeck and Bauer ** made observa- 
tions on the respiratory exchange under morphin in a cat and dog, 
finding an increase in the cat and a reduction of about 30 per cent. 
in the dog. From these experiments it was concluded by Voit ** that 
morphin depressed the metabolism by decreasing muscular activity. 


d 


Fubini *® obtained a drop of nearly 50 per cent. in the metabolism 
of dogs and rabbits during the twenty-four hours following the subcu- 
taneous injection of 10 mg. of morphin sulphate. On the other hand, 
there was but a slight drop with guinea-pigs, and with lemmings and 
doves there was a slight increase. Grehant *° observed a similar drop 
in dogs in morphin sleep. Impens ** and Dreser ** report a depres- 
sion in the metabolism from diacetylmorphin. Tangl and Versar ** 
found the effects of morphin on the metabolism of dogs and rabbits 
small and inconstant, it being increased in many cases, the result depend- 
ing on the activity of the animal. The oxygen consumption in two 
men in normal and morphin sleep was studied by Loewy,** the conclu- 
sion being reached that the respiratory exchange was not materially 
affected. The effect of morphin on the metabolism of man has been 
investigated by Higgins and Means,*° who found that the total gaseous 

metabolism showed, as a rule, no change in oxygen consumption or a 

very slight diminution and a marked drop in carbon dioxid elimination 
after the administration of both morphin and diacetylmorphin. Chanu- 
tin and Lusk ** have recently published the results of a careful study 
on the influence of morphin upon the heat production in two dogs. 
One animal showed an average reduction of 6.2 per cent. of the heat 
production below the basal level following the administration of 15 
mg. per kilogram of body weight, with no change in the respiratory 
quotient. In the other dog the metabolism was increased on an aver- 
age of 10 per cent. and the respiratory quotients were higher. There 
is evidently no great uniformity in the results obtained by the 


27. Boeck and Bauer: Ztschr. f. Biol. 10:336, 1874. 

28. Voit, Carl: Handbuch der Physiologie, Leipzig, F. C. W. Vogel, 1881, 
p. 178. 

29. Fubini: Untersuch. z. Naturl. d. Mensch. u. d. Thiere 12:563, 1881. 

30. Gréhant: Comp. rend. Soc. de Biol. 110:221, 1882. 

31. Impens: Arch. f. d. ges. Physiol. 78:527, 1899. 

32. Dreser: Arch. f. d. ges. Physiol. 72:72, 1898. 

33. Tangl and Versar: Biochem. Ztschr. 92:318, 1918. 

34. Loewy: Berl. klin. Wchnschr. 28:434, 1891. 

35. Higgins, H. L., and Means, J. H.: J. Pharm. & Exper. Therap. 7:1, 1915. 

36. Chanutin, A., and Lusk, G.: J. Pharm. Exper. & Therap. 19:359 (June) 
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different investigators, but, on the whole, the conclusion reached by 
Voit, forty years ago, that morphin affects metabolism only indirectly 
by decreasing muscular activity best fits the evidence at hand. 

Method.—Our experiments on the influence of morphin on the 
gaseous exchange were all carried out on cats, anesthetized with ethyl 
carbamate (urethan), 2 gm. per kilogram of body weight given by 
stomach. Observations on the body temperature were made by means 
of a rectal thermometer, and the temperature of the animal was kept 
uniform by the use of an electric heating pad. Blood pressure records 
were obtained by means of a mercury manometer through a cannula 
in one carotid. A T-shaped glass cannula was inserted in the trachea, 
to which Tissot valves were attached for obtaining the expired air. 
This was collected in two 8-liter copper spirometers. Immediately 
after collection, air samples were withdrawn from the spirometer and 
preserved under pressure in the usual type of glass sampling tube. 
Analyses were made in a Haldane gas apparatus. After two pre- 
liminary control periods, morphin was given by the subcutaneous injec- 
tion of a solution containing 20 mg. per kilogram of body weight. 
Details of the experimental procedure were described by Aub * in an 
earlier paper of this series. 

Results—Experiments on the effect of morphin on the gaseous 
exchange have been carried out in five animals. The results are 
summarized in Table 8. The figures represent the number of cubic 
centimeters of carbon dioxid expired each minute. The times for 
the successive periods represent the time before or after the mor- 
phin injection, and are approximate, there being a variation of a few 
minutes in the time the periods were started in different experiments. 

An examination of the average of the results for the five animals 
shows that there is a fall of about 13 per cent. in oxygen consumption 
immediately after the injection of morphin, but this is temporary, the 
average amount of oxygen used returning to the original figure by 
the end of two hours. The carbon dioxid elimination per minute shows 
a more marked decrease after the administration of morphin, and 
consequently a lower respiratory quotient, indicating a considerable 
retention of carbon dioxid. As in the case of the oxygen, there is 
a return to the normal figure in the course of two hours. The normal 
ratio between the oxygen and carbon dioxid is recovered even more 
quickly, the average figure for the respiratory quotient showing a 
return almost to the original level by the end of the first hour after 
the administration of morphin. 





37. Aub, J. C.: Am. J. Physiol. 54:388 (Dec.) 1920. 
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Comment.—While these experiments are too few to permit the 
deduction of any general conclusions, as far as they go they do not 
indicate that the increase in the alkali reserve caused by morphin in 
reduced blood pressure is brought about by depression of the metabo- 
lism. The decrease in oxygen utilized is not very great, and is probably 
partially accounted for by the depression of the respiration, the minute 
volume being decreased, on the average, by nearly 50 per cent. More- 
over, immediately after the administration of morphin there is a fall 
in arterial pressure, which might account for a slight decrease in the 
oxygen consumption. Further, the very short duration of the depres- 
sion of the metabolism does not correspond to the increased alkali 


TABLE 8.—Utilization of Oxygen and the Carbon Dioxid Elimination in Cubic 
Centimeters per Minute Before and After the Injection of Morphin 

















Control Periods Periods Following Morphin 
First Second Third Fourth Fifth Sixth 
Period Period Period Period Period Period 
Date —¥, Hour 0 Hours \% Hour 1 Hour 2 Hours 2% Hours 
Car- Car- Car- | Car- Car- Car- 


Oxy- bon Oxy- bon | Oxy- bon | Oxy-| bon Oxy- bon Oxy- bon 
gen Di- gen Di- gen Di- gen Di- gen Di- gen Di- 
































oxid oxid oxid oxid oxid oxid 
TN Binin cvcxes 26.73 20.37 25.37 | 18.25 | 24.69 16.32 | 24.88 | 17.75 | 23.50 16.58 
. eee 23.31 16.85 | 21.85 15.68 | 20.45 13.38 | 23.59 | 16.62 | 28.45 20.48 26.38 | 20.55 
= See 21.08 | 15.96 20.75 15.50 | 18.81 13.51 | 16.53 | 10.938 | 18.57 12.77 
eee 28.07 16.91 29.65 19.36 | 21.31 11.73 | 23.59 | 15.07 | 28.86 19.68 | 25.99 | 17.70 
CS. ee 25.00 17.09 | 24.75 | 17.60 | 20.15 12.54 | 26.07 | 18.07 | 25.16 17.26 28.45 | 21.78 
Average...... 24.83 | 17.34 | 24.387 | 17.30 | 21.08 13.50 | 22.98 | 15.79 | 24.91 | 17.84 
Respiratory 


quotient...... 0.70 0.71 0.64 0.69 0.70 





Average blood 
pressure...... 128 119 108 112 118 


reserve which occurs over a much longer period; and this speaks 
against it as a cause of the change. It should also be mentioned in 
this connection that normal animals, as well as animals with a low 
blood pressure, react to morphin with an increase in the alkali reserve, 
and in these animals there is no reason why a depression of the metab- 
olism should improve the adequacy of the circulation. 

The lowered respiratory quotients occurring immediately after the 
injection of morphin are of interest. A similar condition in human 
subjects was observed by Higgins and Means * after the injection 
of therapeutic doses of morphin. These authors considered the pos- 
sibility that this decrease in the elimination of carbon dioxid was due 
to a change in the character of the metabolism such as incomplete 
combustion, or to the changing of fat to sugar, or to storage of carbon 
dioxid because of respiratory depression. Since the retention of the 
carbon dioxid following the injection of morphin, in our experi- 
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ments, occurs during the same period as the increase in the alkali 
reserve, it seems possible that there is some relation between the two 
effects, the increasing carbonate content of the blood being responsible 
for the lessened output of carbon dioxid through the lungs. This 
leaves us still without any explanation, however, as to how morphin 


brings about an increase in the alkali reserve. 


SUMMARY 

1. In the cat, morphin does not accelerate the production of shock, 
as measured by the blood pressure, and in the normal animal, even in 
large doses, it causes only a temporary depression of the blood 
pressure. 

2. The reduction of the blood pressure to 60 mm. of mercury in 
control animals resulted in a rapid fall of the alkali reserve which 
remained at a low level. With morphin, however, in the large doses 
used, the low pressure resulted in practically no reduction of the 
alkali reserve, or, if the morphin was injected after an hour of low 
pressure, when the carbon dioxid capacity of the blood was already 
low, there was recovery almost to normal during the following two 
hours. 


3. Experiments, carried out in collaboration with Dr. J. C. Aub 
and Miss E. M. Bright, indicate that in the cat the injection of morphin 
in large doses results in only a slight and temporary fall in gaseous 
metabolism. The changes in the gaseous exchange are probably not 
sufficient to explain the increase in the alkali reserve through a decrease 
in the oxygen requirements of the tissues. 

















PROLONGED INTRAVENOUS INFUSION AND THE 
CLINICAL DETERMINATION OF VENOUS 
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“Force fluids” has come to be a therapeutic maxim with the medical 
profession. For a patient with almost any acute condition, whether it is 
infection, toxic absorption or surgical shock, the sovereign remedy in 
most clinics is more water. There is quite a large group of patients 
who are, for the time being, unable to take liquids satisfactorily by 
mouth or by rectum, or for whom these routes of administration are 
too slow. In such cases, a method of administering large amounts of 
liquid directly into the blood stream slowly and with sufficient safe- 
guards is of great service. The method presented was worked out 
at the suggestion and with the helpful criticism of Professor Whipple. 
It provides for automatic control of the rate and temperature of the 
infusion and makes it possible to observe, at frequent intervals, the 
recipient’s venous pressure, the all important index of his reaction 
to infusion. 

METHOD 


After a number of trials and failures, the present method of con- 
trolling the rate of flow of the infusion was at last worked out, along 
lines proposed by one of us (D. T.). The apparatus consists of a liquid 
reservoir connected in the ordinary way with a venipuncture needle by 
rubber infusion-tubing (Fig. 1). 





In this tubing is inserted a needle valve (N), so made that turning the 
handle alters the size of the aperture for the liquid very gradually. This needle 
valve, which was made of Monell metal so it would not corrode, regulates the 
flow. Between the needle valve and the vein, there is inserted, by means of 
a T tube, a simple manometer (M), held in a split rubber cork, which can be 
raised or lowered on a meter stick. The height of the fluid in this manometer 
required for any particular rate of flow would depend principally on the bore 
of the needle used, provided the smallest diameter in the system was that of 
the needle. It was decided to use large venipuncture needles (size 16) with 
an adapter (4) whose bore is smaller. The adapter is a metal connecting piece 
between tubing and needle. It is well to secure unbored adapters and bore 
all with the same drill. (A No. 65 drill was used, giving a diameter of 0.034 
inch.) Thus, the bore will remain unchanged in case a substitution has to be 
made for the original adapter. An infusion thermometer (7) may be inserted 


*From the Department of Surgery, Columbia University, and the Presby- 
terian Hospital. 
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into the tubing at a short distance from the needle. It is best to use one which 
registers above the boiling point of water, so that it may be boiled with the 
rest of the apparatus. It must have a large diameter to avoid an increase in 
the resistance to the flow of fluid. 

A coil of the rubber tubing is placed in the water of the bath to maintain 
a constant temperature in the liquid entering the blood stream. This heating 
chamber is a most important part of the equipment (Fig. 2). It is made of an 
inner and outer wall of copper, completely separated by a lining of asbestos. A 
wooden cover is provided with holes for entrance and exit of the tubing, and to 
admit a thermometer. A solid copper bar (C), 2 cm. square, is beaten out into 
the shape of a fan at one end. As the bar passes through the outer wall, it is 
completely surrounded by asbestos. It touches and is soldered to the inner wall 


<= p>——_—-U 























Fig. 1—Continuous infusion apparatus: N, needle valve; M, manometer; 
F, alcohol lamp heating the end of the copper bar; L, level; A, adapter. 


Thus, heat applied to the external end of the copper bar is conducted directly 
into the fluid, without any of it being lost on the outer wall. If the container 
is filled with water at a temperature of 120 F., and an ordinary alcohol lamp 
with metal chimney is placed so that the flame licks the projecting end of the 
copper bar, the temperature in the bath is maintained for three or four hours 
during an infusion, with little variation. The temperature of the infusion fluid 
as shown by the infusion thermometer is thus kept at from 98 to 100 F. It can 
be varied by altering the amount of tubing in the water of the heater. 
Electrical heaters of various kinds were devised and tried out, but they were 
all discarded. Either a hot plate or an immersion heater provided with 
resistance wire grows dangerously hot in time. If a resistance outside the 
water heater is used to reduce the heat, this new resistance coil may become: 
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dangerously hot. If a resistance outside the water heater is used that will 
reduce the current with sufficient accuracy, the apparatus is rendered complex. 
Hot air boxes heated by electric light bulbs are satisfactory except that, 
when the infusion is stopped for a time and then resumed, the infusion liquid 
which had been halted in the box will be delivered at the needle dangerously 
near boiling. Various types of gas and electric thermoregulators are satis- 
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Fig. 2.—Heating bath: C, solid copper which conducts heat into the bath. 
The double walls are separated by asbestos. 


factory under laboratory conditions but are not sufficiently “fool proof” for 
routine, clinical use. It must be possible for the heater to be handed over from 
one hospital intern to another without its becoming a source of danger. 


The amount of heat desired is small; the heat of the source should 
therefore be small, for safety’s sake. The ideal heater should be pro- 
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vided with a large amount of substance of a high specific heat maintained 
at a low temperature. Thus, if the infusion is halted, the temperature 
of the heater rises a negligible amount, and the fluid which has been 
halted in the heater is not dangerously hot even at the heater’s full 
temperature. The heater should be little influenced by the temperature 
of the room and should be as close to the patient as possible. It must 
be simple. All of these requirements are fulfilled by the hot water 
bath described. 


Procedure of Infusion.—At the close of each infusion, the apparatus 
is thoroughly cleaned and dried by the nursing staff, and all the tubing 
is reconnected ready for sterilization. The following instructions were 
drawn up (with the help of Miss M. W. Wilson) and are kept on a 
card with the apparatus. 

LIST OF APPARATUS 

To be sterilized (in distilled water) : 

Infusion tubing including the needle valve 
T tube, thermometer and special adapter 
1 short glass U tube 

1 long glass U tube (manometer) 

1 20 c.c. syringe 

1 medicine glass 

4 venipuncture needles No. 16 


2 artery clamps 


Already sterilized: 
Graduated 2,000 c.c. beaker 
Watch glass cover 


Not to be sterilized: 
Ring stand with 2 clamps 
Meter stick with sliding carrier 
Level (glass tube with bubble) 
Tourniquet 
Water bath with cover and thermometer 
Alcohol flame with metal chimney 


CARE OF SET 
A 


~ 


close of infusion: 

Disconnect tubing, clean, wash through and test as for other sets. 

Also clean needle valve, connecting tube and thermometer. 

Unscrew needle valve to clean. 

Carefully remove, clean out and replace the special adapter, leaving 
needle wire in it. 

Replace tubing as before: 

Tubing from adapter to thermometer, 15 cm. 

Tubing from thermometer to T tube, 100 cm. 

Tubing from T tube to needle valve, 15 cm. 

Tubing from needle valve to short U tube, 160 cm. 

Tubing from T tube to manometer, 60 cm. 

Beaker and watch glass to be cleaned and dried, and sent for sterilization 
in a drum. 
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The steps in the infusion procedure are briefly as follows: 


The heater and ring stand with meter stick are placed on a table by the 
bedside. A bandage is tied about the patient’s wrist and fastened to the bed 
spring. The 2,000 c.c. graduated beaker is filled with infusion fluid and 
covered with a large watch glass. Gloves are then put on and a sterile towel 
is spread on the table over the foot of the ring stand. The infusion apparatus 
is taken from an adjacent bedside table, where it has been placed by the nurse. 
The short U tube (U, Fig. 1) is placed in the reservoir and the manometer 
tube in the split rubber cork. Siphonage is started with a syringe, and the 
liquid is allowed to flow until the tubing is well washed out. The tubing is 
shut off near the adapter with an artery clamp. The needle valve is then 
closed. Liquid will now be standing in the manometer tube ready to wash out 
the venipuncture needle as soon as the needle and adapter are connected after 
making the puncture. It is important to remove the artery clamp in order to 
wash out the needle as soon as the connection is made, for a clot in the adapter 
alters the rate of flow. The needle valve is opened enough to maintain a small 
flow, and the puncture needle and adapter are strapped to the arm with adhesive. 


By means of a long sealed glass tube of liquid containing a bubble 
which may be used as a level (L), the lower end of the meter stick 
is brought to the same level as the punctured vein (Fig. 1). The 
lower end of the meter stick is then zero for venous pressure estimation ; 
and the needle valve is shut off. The level of fluid in the manometer 
will then fall, showing respiratory and cardiac variations, to a level 
which, when read on the meter stick, gives the venous pressure in 
centimeters of water. The needle valve is opened until the level of 
the fluid in the manometer is a sufficient distance above the venous 
pressure height to deliver the desired quantity of fluid per hour. The 
number of centimeters above venous pressure necessary to deliver any 
particular amount of fluid may be learned by reference to a graphic 
chart previously prepared (Fig. 3). This graph must be worked out 
for the bore of adapter and needle which it is decided to use. This 
can be done in the laboratory once for all, and the accuracy of the 
method can be tested by using a rubber tube attached to a hydrant as a 
substitute for the patient’s vein. 

After the infusion apparatus is set to run at the desired rate, the 
venous pressure should be reread by pinching the tubing between 
manometer and reservoir at the end of a half hour, and at least every 
hour thereafter. If the pressure has varied, the height of the liquid 
in the manometer should be altered accordingly. If clotting in the 
needle and adapter is avoided as described above, the delivery. of the 
fluid will be found quite accurate. At times there may be a variation 
of as much as 100 c.c. per hour. 

A small rise in the venous pressure is always associated with a 
corresponding automatic rise in the manometer level, the rate of flow 
remaining very nearly constant. A larger rise, which is an indication of 
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an unfavorable reaction to an infusion, will be signalized by an over- 
flow of liquid from the top of the manometer. This, as will be shown 
below, is of the utmost importance. A kink in the tubing or other 
obstruction has, of course, the same result. 


INFUSION SOLUTIONS 

In the continuous infusions recorded here, physiologic sodium chlorid 
solution and glucose solution (less than 10 per cent.) were used. These 
solutions are prepared each day from freshly distilled water and weighed 


Centimeters of Fluid Pressure 


Hour 


per 


wn 
+ 
u 
—— 
a 
e 
a 
co 
o 
=) 


oF Cubic 


Number 





Fig. 3—Graphic chart for setting the infusion rate. This graph would be 
changed by alteration in the bore of adapter and needle used. 


amounts of sodium chlorid or glucose. The fluids are used within 
twenty-four hours after sterilization. The infusion fluids thus prepared 
for routine use were examined at intervals over a period of several 
months, and the hydrogen ion concentration was found to average from 
6.0 to 6.2, the extremes being 5.8 and 6.6. These values, obtained by 
the colorimetric method, make it clear that the infusion fluids were con- 
sistently acid as compared with blood. At the present time, investigation 
is in progress to produce a simple clinical method of adjusting the intra- 
venous fluids to a py approximating 7.4, the normal for whole human 
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blood. The use of buffer salts or correction with a weak basic salt, such 
as disodium phosphate, is being studied. 

There have been three reactions in this series of prolonged intrave- 
nous infusion. 


One patient (Case 20) presented the following picture. One half hour 
after the infusion had been started, the intravenous pressure had risen 4 cm. 
Shortly thereafter, the patient began to feel cold and developed a real shaking 
chill of about ten minutes’ duration. The temperature rose from 100 to 103.4 F.; 
the pulse rate increased from 108 to 140, and the respiratory rate, from 30 to 
50. In addition, there seemed to be dilatation of the stomach. By lavage the 
patient was relieved of a moderate amount of gas and stomach contents. She 
felt much relieved, and there were no remote effects noted. The other two 
patients showed the same rise in venous pressure, chill, fever, and rise in 
pulse and respiratory rates. The reaction in these cases all came within the 
first hour. There were no gastric symptoms. 


it is of interest to consider what caused, or contributed to, such 
reactions. Three factors appear to deserve special attention: (1) the 
temperature of the infusion fluid; (2) the hydrogen ion concentration 
of the solutions, and (3) the possible introduction of foreign sub- 
stance into the blood stream. 

To study the effect of extremes of temperature in infusion solutions, 
a limited number of experiments were undertaken. 


A normal adult dog weighing 5.5 kg. was anesthetized with ether after 
receiving one eighth grain of morphin hypodermically. A cannula was 
placed in the right jugular vein. Anesthesia was stopped at the end of the 
operative procedure, which was of not more than fifteen minutes’ duration. 
The infusion was begun when the dog was conscious and quiet. Seven hundred 
cubic centimeters of Ringer’s solution, freshly prepared and sterilized, was 
infused slowly. The temperature of the infusion was maintained at 115 F., 
but there was no reaction to this high temperature. The solution was cooled 
to as low as 60 F., also without change. The dog’s rectal temperature fell 
gradually from 97.1 to 95 F. If cooling of the blood stream acts directly on 
the temperature control centers, one would expect a rise in temperature in 
response to cooling the infusion, but none resulted. 

In order to rule out the possible effect of sedatives and anesthetics, two 
dogs from whom one half of the brain had been removed six and seven days 
previously, and who had preserved their capacity for temperature control, 
were studied. In one, the saphenous vein of the limb opposite the side of 
decerebration was perfused with Ringer’s solution varying between 115 and 
68 F. No chill was produced. The rectal temperature rose slowly through- 
out the experiment, being apparently little influenced by alterations in the 
temperature of the infusion. In the other semidecerebrate animal, heat and 
cold were applied in turn to an exposed carotid, without upsetting the animal’s 
heat regulating mechanism. 


These experiments lead to the conclusion that an infusion liquid 
may vary greatly in temperature without producing a reactionary chill 
in dogs. 
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Variation in hydrogen ion concentration was next considered as a 
possible cause of reaction. Williams and Swett! called attention to the 
fact that fluids introduced into the vascular system varied a great deal 
in their hydrogen ion concentration. They had examined distilled 
water, physiologic sodium chlorid solution and glucose solutions, and 
had found them all to be of a rather low hydrogen ion concentration ; 
i. e., acid to that of blood. They also showed that the py was lowered 
when fluids were heated or allowed to stand for any length of time. On 
the other hand, Mellon, Slagle and Acree? mention the high py of 
sodium citrate (i. e., a py of 10.5 in one sample), and attribute the 
reactions that sometimes occur in the citrate method of transfusions to 
such high py figures. Van Slyke * has shown the constancy with which 
whole human blood is kept at py 7.4. A higher hydrogen ion concen- 
tration in the blood (7.8) is associated with tetany (alkalosis). <A 
lower hydrogen ion concentration (6.95) is accompanied by coma 
(acidosis). In the light of this work, it would seem difficult to explain 
the reactionary chills reported here on a basis of the rather low py of 
the fluid used (6.0 and 6.2), and animal experiments were performed 
which bore out this conclusion. 


An interesting and striking example of the effects of introducing highly 
acid fluid into the vascular system was afforded in one of our experiments. 
An adult dog weighing 9.8 kg. was anesthetized with ether. After a 
cannula had been tied into the right external jugular vein, the animal was 
allowed to recover from the anesthetic. Infusion with fluid having a calculated 
pu of 4.49 was then begun. The rectal temperature at the start of the infusion 
was 96 F. At the end of fifteen minutes, nothing extraordinary was noted; 
there were no chills and no rise in temperature; respiration and cardiac rate 
seemed normal. Two minutes later, respirations ceased rather suddenly, though 
the heart continued to beat. The infusion was stopped and artificial respira- 
tion instituted. The animal gasped several times, and then the heart stopped 
beating. Up to the time of the interruption of the infusion, 450 c.c. of fluid 
had been given. Examination failed to show anything more than enyorge- 
ment of the right auricle and its tributary veins. The picture was that of 
a sudden respiratory failure. In this instance, the buffers of the blood stream 
were probably unable to cope with the sudden influx of highly acid fluid. 


This experiment emphasizes the danger of too acid infusions. On 
the contrary, in another experiment, the py of the infusion fluid was 


1. Williams, J. R., and Swett, Madeleine: Hydrogen Ion Concentration 
Studies on Distilled Water, Physiologic Sodium Chlorid, Glucose and Other 
Solutions Used for Intravenous Medication, J. A. M. A. 78:1024 (April 8) 1922. 

2. Mellon, R. R.; Slagle, E. A., and Acree, S. F.: The Practical Applica- 
tion of “Buffers” in the Regulation of Hydrogen Ion Concentration of Intra- 
venous Solutions, J. A. M. A. 78:1026 (April 8) 1922. 

3. Van Slyke, D. D.: Studies of Acidosis; Normal and Abnormal Varia- 
tions in Acid Base Balance of Blood, J. Biol. Chem. 48:153 (Sept.) 1921. 
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raised to 9.18 without untoward symptoms of any sort. Therefore, 
neither change in temperature of infusion fluid nor low py is a likely 
cause of reactionary chill. 

The third suspected factor remains to be considered; i. e., the 
introduction of foreign substance into the fluid. In at least two of the 
three cases of chill, new tubing had been introduced into the apparatus, 
which was then being perfected. By some oversight, this tubing did not 
receive the careful cleansing which has always been a routine procedure * 
in the Presbyterian Hospital. New tubing is found to contain con- 
siderable amounts of powder. This we have assumed to be the cause 
of reactions in our cases, and since we have taken pains to see that 
all new tubing is adequately cleansed, there have been no reactions. 
Although we feel that acid solutions used intravenously do not cause 
reactionary chills, this opportunity is taken to emphasize their danger. 

As has been stated, further work is being done to render practicable 
a method of securing physiologic hydrogen ion concentration after 
sterilization, as suggested by the work of Williams and Swett. 


CLINICAL RESULTS 


It is not possible to express the improvement resulting from con- 
tinuous infusions in figures, though in many cases improvement was 
very great, as in patients suffering from surgical shock or from dehy- 
dration due to vomiting. There was also evidence of improvement in 
patients with renal insufficiency after glucose infusions. 

The practical application of long continued infusions deserves some 
consideration. Patients have objected very little to leaving an arm 
extended on the bed for three or four hours at a time. A good deal 
of freedom of movement is permissable if flexion at the elbow is 
rendered impossible. The infusions were run from two to four hours, 
usually about three, and the rate of flow was regulated so that from 
800 to 1,500 c.c. of fluid would be delivered per hour. 

Venous pressure determinations were made at the start of the 
infusion; at the end of the first and second half hours, and every 
succeeding hour. This has proved to be a much more reliable and 
delicate index of the patient’s condition and the effect of the infusion 
than arterial pressure, pulse or temperature. The normal pressure in 
the veins of the anticubital fossa varies with the posture of the subject. 
Taking as an arbitrary point the sternal notch, we found that the 
pressure in centimeters of water was about equal to the height of the 


4. New tubing for intravenous use is first thoroughly washed in soap and 
water. It is then rinsed with distilled water. After being boiled, it is rinsed 
again with distilled water and boiled for the second time. Only after this 
procedure is it considered safe to incorporate the tubing in intravenous sets. 
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sternal notch above the vein. This was roughly true, in semireclining 
postures, for patients suffering from some chronic condition, with a 
normally functioning cardiovascular system. 

Almost every considerable rise in the venous pressure was accom- 
panied by some untoward condition, as shown in the following cases: 


REPCRT OF CASES 


Case 2.—This was the second case in the series, and the venous pressure 
at the start was not recorded. At the end of a half hour, it was 25 cm., a 
figure unusually high, as we learned later. At the end of another half hour, 
the pressure had reached 43 cm. The patient began to shiver and had a typical 
chill, which we afterward attributed to a fault in the infusion fluid. 

Case 6.—The venous pressure rose from 6 cm., at the start, to 12 cm., at 
the end of the first hour, when the patient had a chill. 


Case 20.—The venous pressure was 14 cm. at the start. It rose to 18 cm. 
at the end of the first half hour. This should have been considered a signal 
to stop, but the infusion was continued, and the temperature rose from 100 F. 
at the start to 103 at the end of the first hour. The patient complained of 
cold, and it was recognized that she was probably having a chill. The venous 
pressure had not continued to rise, but fell to 16 cm. 


The causation of these chills is discussed above. It is of passing 
interest that in each of these three cases of reactionary chill, the systolic 
arterial pressure remained constant, while the diastolic pressure fell, 
thus: systolic, 168, diastolic, from 108 to 88; systolic, 120, diastolic, 40 
to 20; systolic, 128, diastolic, 86 to 70. 

In Case 18, the venous pressure rose from 11 cm. to 20 cm. This 
accompanied untoward pulmonary signs, as will be explained below. 
In only two other cases was there a rise of over 2 cm. in venous pressure. 
In one this pressure rose from 15 to 20 cm. of water, while the 
arterial pressure fell from 220 systolic, 190 diastolic, to 200 systolic, 
150 diastolic. This was a case of extensive vascular syphilis. In 
another instance, the pressure rose from 11 cm. to 14 cm. No expla- 
nation can be offered for either rise. Possibly, the patient’s posture 
was markedly altered. The two infusions were given by a hospital 
intern who had had little experience in such work and did not record 
the posture. 

In the great majority of instances, the venous pressure remains 
unchanged throughout the infusions or occasionally, as in cases of sur- 
gical shock, it falls. For example, in Case 16, the patient, who had been 
subjected to a protracted brain operation, had sustained a considerable 
loss of blood and was almost pulseless. A continuous infusion with 
physiologic sodium chlorid solution was begun. Three thousand cubic 
centimeters of fluid was administered in three hours and twenty 
minutes. The venous pressure was 20 cm., although the sternal notch 
was only 4 cm. above the needle. The pressure, which fell promptly 
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after the start of the infusion, was 15 cm. at the end of one hour, 12 cm. 
at the end of the second hour and 15 cm. at the end of the third. The 
pulse fell from 144 to 108, and the blood pressure changed from 90 
systolic and 42 diastolic, to 95 systolic and 65 diastolic. There was 
great improvement in the general condition as well. 

The easy determination of the venous pressure by the method 
described provides a most important index of the gravity of the patient’s 
condition and the degree of surgical shock present. This condition, as 
has been frequently shown, depends on dilatation of the smallest 
channels in the arteriovenous tree. After a large hemorrhage, there 
results a primary constriction of the peripheral vessels. If the low 
arterial pressure continues, this constriction passes over into dilatation 
and the venous pressure rises (Penfield®). This rise of venous pressure 
associated with falling arterial pressure of course demands instant 
treatment by infusion with one of the various fluids used in shock. 
When the heart is supplied directly with an increased amount of fluid, 
steadily, over a long period, the vicious circle of surgical shock is 
broken. The volume of circulating blood is increased and the increase 
maintained ; thus the result aimed at by the infusion of viscous fluids 
is secured. Improvement is signalized by falling venous pressure 
resultant on increase in the tone of the peripheral vessels. The 
fall of venous pressure, therefore, is the most valuable indication of 
improvement. 

In cases of marked dehydration due, for example, to continued yom- 
iting, slow continuous infusion of fluid by the method described has 
been found of great help, and large amounts may be administered ; 
e. g., 4,500 c.c. in three or four hours. In such cases, it seems better 
to employ physiologic sodium chlorid or Ringer’s solution, as the 
diuretic effect of glucose is not desirable. The administration of large 
amounts of fluid should be carried out with some caution, however, if 
there is any suspicion as to the functional ability of the pulmonary 
circulation. Here again a rising venous pressure is a sign of danger. 


In a case of fulminating fibrinopurulent peritonitis, a continuous glucose 
infusion was given, with apparently beneficial result. On the following day, 
however, the patient was almost moribund. Another infusion was given. The 
venous pressure, which was 11 cm. at the start, rose toward the end of the 
infusion to 20 cm. Breathing became more difficult and there was mucus in 
the throat. Moist rales could be heard at the bases of both lungs. The infusion 
was discontinued at once. The patient died later in the day. The respiration 
rate was 42 at the beginning of the infusion, and only increased to 44 at 
the end. The outcome of the case was not influenced by the intravascular 
therapy. Nevertheless, the fluid, 3,000 c.c. in three hours, of which the patient 


5. Penfield, W. G.: The Treatment of Severe and Progressive Hemor- 
rhage by Intravenous Injections, Am. J. Physiol. 48:121, 1919. 
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eliminated 820 c.c. in the urine during that time, may have been a contributing 
cause to the development of the pulmonary edema which was present at death. 
No definite evidence of pneumonia could be found, and postmortem examina- 
tion was not permitted. 


No other patient showed any similar symptoms; but it seems wise 
to watch the venous pressure and proceed with caution when there is 
danger of embarrassment of the pulmonary circulation. 

Woodyatt ® has shown with normal subjects that 0.85 gm. of glu- 
cose per hour for each kilogram of body weight can be administered 
intravascularly without the appearance of glucose in the urine. Any- 
thing over this figure causes glycosuria. It has been shown also that 
the metabolism varies directly with the temperature (Du Bois’). We 
assumed, therefore, that patients with an elevated temperature might 
possibly be able to utilize an increased amount of sugar by virtue of 
their hyperpyrexia. This was found not to be the case, although the 
number of trials carefully controlled is limited. To study this point, 
the theoretical glucose tolerance of each patient for one hour was com- 
puted according to the weight of the patient, from Woodyatt’s figure 
of 0.85 gm. per hour for each kilogram of body weight. The glucose 
solution was then diluted so that an amount of glucose would be 
administered equal to the patient’s theoretical tolerance, together with 
the desired amount of fluid per hour. The rectal temperature was then 
recorded, and the patient was urged to void each hour. Because of the 
' diuretic effect of the glucose infusion, these urine specimens could 
usually be obtained punctually. 


Case 22.—This patient was suffering from carcinoma of the stomach and 
had been vomiting a good deal. Theoretical tolerance was 59 gm. of glucose 
per hour. She was given exactly that amount of glucose in 1,000 c.c. of fluid 
the first hour; and likewise, the second and the third hour. The rectal tem- 
perature was 102 F. at the beginning of the infusion, and gradually fell to 
101 F., at the end of the fourth hour. In the urine collected at the end of 
the first hour, there was 1.26 gm.; at the end of the second hour, 2.39 gm.; 
at the end of the third hour, 2.32 gm., and at the end of the fourth hour, 
3.60 gm. The total amount in the urine of the succeeding twenty-four hours 
was 3.5 gm. There was a total output of 13.07 gm. of glucose. It is not possible 
for us to figure so accurately as one might in a laboratory experiment. But 
certainly there was no increase in ability to utilize sugar in this case in spite 
of the hyperpyrexia. 

Case 19.—The patient was suffering from acute peritonitis. The tempera- 
ture averaged a little over 101 F. during the experiment. The theoretical glucose 


6. Woodyatt, R. T.: An Improved Volumetric Pump for Continuous 
Intravenous Injections, J. Biol. Chem. 41:315 (March) 1920. Woodyatt, R. T.; 
Sansum, W. D., and Wilder, R. M.: J. A. M. A. 65:2067 (Dec. 11) 1915. 

7. Du Bois, E. F.: .The Basal Metabolism in Fever, J. A. M. A. 77:352 
(July 30) 1921. 
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tolerance was 59.1 gm. per hour. Forty-six grams was given in the first hour, 
47 in the second, and 44 in the third, 13 gm. being given in the first fifteen 
minutes of the fourth hour. There was an output of 1.1 gm. of glucose in the 
urine during the first hour, 6 gm. during the second, 5 gm. during the third, 
and 5.85 gm. during the fourth. The urine of the succeeding twenty-four hours 
contained no sugar. The patient received, together with 4,450 c.c. of fluid, 
glucose at the rate of about 12 gm. per hour less than the limit of the theoretical 
tolerance and, in spite of hyperpyrexia, there was an output of 17 gm. of 
glucose. 

Case 3.—The patient had acute appendicitis with peritonitis. The theo- 
retical tolerance was approximately 53 gm. per hour. One thousand nine 
hundred and forty-five cubic centimeters of 10 per cent. glucose was admin- 
istered over a period of three hours, averaging about 12 gm. per hour above 
the theoretical tolerance. For the five hours following the start of infusion, 
the output of glucose in the urine was 7.5, 18.42, 16.75, 15.21 and 6.03 gm. In 
the succeeding twenty-four hours, 1 gm. of glucose was excreted. The patient’s 
rectal temperature varied between 103 and 103.4 F. during the period of 
observation. 


None of these patients had a history of diabetes or renal disease. 


In general, infusions of about three hours’ duration produced the 
maximum output of glucose in the urine during the fourth hour. Dur- 
ing the first hour, only a very small amount of sugar was eliminated. 
Continued administration gives rise to a cumulative elimination. The 
conclusion is that patients with a hyperpyrexia from ordinary surgical 
diseases have not an increased ability to utilize intravenous sugar. 

The effect of glucose infusion was studied from another point of 
view : diuresis. In the six hours following the start of a glucose infu- 
sion, the urinary output was, as a rule, greater than the total output of 
the preceding twenty-four hours. In one case, it was as much as nine 
times greater. The hour of maximum output was usually the third or 
fourth, and not infrequently the urine collected in the first three or 
four hours was greater than that of the succeeding twenty-four hours. 
One example will be given: 


Case 8.—The patient was suffering from suppurative pyelonephritis and 
chronic uremia. A continuous infusion of 2,675 c.c. of fluid was given him 
by Dr. B. H. Kennedy, Jr., containing 155 gm. of glucose, of which 15 gm. 
in all was eliminated in the urine. The infusion was continued for three 
hours. The patient had an indwelling catheter. Specimens of urine could, 
therefore, be collected at exact hourly intervals. During the first six hours 
after the start of the infusion, 2,130 c.c. of urine was eliminated, the maximum 
output occurring in the third hour. The specific gravity of the urine in the 
first five hourly specimens was: 1.010, 1.012, 1.012, 1.010 and 1.014. The total fluid 
intake for that day was 2,925 cc., and the total urinary output, 3,505 c.c., 
as compared with an output of 1,030 c.c. on an intake of 2,400 c.c. without 
infusion on the succeeding day. On the day previous to this glucose injection, 
the patient had had a similar infusion, when the blood urea at the start was 
3.03 gm., at the close 2.68 gm. per thousand cubic centimeters, and on the 
following day, i. e., before the infusion described in full above, it was still 
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down to 2.58 gm. He was given a number of such infusions. Subjectively, 
he was always much improved, and his life seemed to be remarkably prolonged. 
The blood urea varied between 2.33 and 3.84 gm. per thousand cubic centi- 
meters for three weeks before death. 


SUMMARY 


In the method of regulating the rate of flow of prolonged intra- 
venous infusions described, it has been found that the apparatus and 
warming bath are sufficiently simple to provide a practicable method 
for general hospital use. 

Clinically, the most marked improvement after physiologic sodium 
chlorid infusions is seen in cases of surgical shock and marked dehy- 
dration. The diuretic effect of prolonged intravenous injection of 
glucose is remarkable, producing not infrequently a twenty-four-hour 
urinary output, which is larger than the intake, even though as much 
as 3,000 c.c. of fluid may have been administered by infusion alone. In 
this respect, it has afforded a valuable therapeutic service, but it seems 
better to use saline or Ringer’s solution in cases of dehydration. In 
general, febrile patients seem to be able to assimilate glucose about as 
readily as nonfebrile patients, but not in any greater amounts. The 
elimination of glucose in the urine is cumulative, the maximum output 
from a three-hour infusion occurring usually in the fourth hour. 

It was shown experimentally that wide variations in the temperature 
of the infusion fluid do not disturb the temperature regulating mecha- 
nism in animals, and the danger of allowing infusion solutions to 
become very acid was illustrated. 

Fluid in amounts as high as 4,500 c.c. can be administered during 
the course of three or four hours with safety, when the method 
described is employed. Rising venous pressure, however, must be con- 
sidered a sign of unfavorable reaction to infusion and a signal for its 
discontinuance. The essential feature of the apparatus is that the 
venous pressure can be easily read, and any considerable rise of this 
pressure is signalized by overflow from the manometer. In general, 
small changes in venous pressure constitute the most delicate index of 
the patient’s condition. 

















BLOOD TRANSFUSION: A STUDY OF TWO HUNDRED 


AND FORTY-FIVE CASES * 
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The rational basis of blood transfusion was established by the dis- 
covery of the phenomenon that the serum of one individual frequently 
agglutinates the corpuscles of another individual’s blood. This discovery 
of so-called isohemagglutination was made simultaneously in 1899-1900 
by the Englishman Shattock,t and the Austrian Landsteiner.* Follow- 
ing this, Jansky,® in 1906, was able to classify human blood into four 
groups according to their agglutinating reactions. In 1910, Moss * 
independently made a similar classification of serum agglutinins. The 
two classifications differ, however, in that Moss’s Group IV corre- 
sponds to Jansky’s Group I and Jansky’s Group IV corresponds to 
Moss’s Group I. In order that there might be a universal classification 
of blood groups, eliminating confusion and accident incident to the 
use of different classifications, a committee appointed by the American 
Association of Immunologists, the Society of American Bacteriologists 
and the Association of Pathologists and Bacteriologists has recom- 
mended the adoption of the Jansky classification.* To avoid confusion, 
laboratories in making their reports of blood grouping should state the 
methods of classification, in addition to the blood group. The Moss 
classification of grouping is referred to throughout this article unless 
otherwise stated. 

BLOOD GROUPING 


No one is ever justified in performing a blood transfusion without 
first making an agglutination test of the blood of the donor and of the 
recipient, except when laboratory facilities are not available. The few 
minutes demanded for the test are well spent, even when the procedure 


* From the Department of Surgery, Washington University School of Medi- 
cine and the Surgical Service of the Barnes and St. Louis Children’s Hospitals. 

1. Shattock: Chromocyte Clumping in Acute Pneumonia and Certain Other 
Diseases and the Significance of the Buffy Coat in Shed Blood, J. Path. & 
Bacteriol. 6: 303, 1900. 
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is one of dire emergency. The chance of the recipient’s receiving incom- 
patible blood is too great to omit proper tests. 

The technic of blood grouping has undergone many modifications, 
all based on the phenomenon of iso-hemagglutination, which occurs 
usually independently of hemolysis, the reverse of which, i. e., hemolysis 
without simultaneous or preceding agglutination, rarely if ever occurs, 
if in the test proper dilutions of serum and cells are made. No one 
has been able to classify specimens of blood according to their isolytic 
action. In general, the agglutination tests are sufficient. Iso-agglutinins 
occur in the blood serum of about 97 per cent. of adults, while iso- 
hemolysins occur in approximately 25 per cent. A few are of the 
opinion that hemolysis is not necessarily preceded by agglutination of 
cells. Such a reaction in human blood has not been observed in our 
laboratory. Ottenberg and Thalheimer * have produced isohemolysins 
in cats whose serum did not agglutinate. Autohemagglutinins have been 
observed in certain anemias, and there is experimental evidence that 
they do occur. The relationship of autohemolysins to paroxysmal 
hemoglobinuria is known. Landsteiner explained the occurrence of 
interagglutination of bloods on the Ehrlich hypothesis, as did Hektoen,’ 
later. It is possibly based on physicochemical laws. Bechhold*® has 
recently advanced a theory in explanation of hemolysis in which he 
regards the red blood cell as consisting of a stroma of protein network 
with a skin of emulsified lecithin and cholestrin across the meshes. He 
regards hemolysis as occurring when one of these three components is 
removed. The hemolytic action of hypertonic and hypotonic solutions 
is not based on their osmotic effect but on a lowering of the surface 
tension of the lecithin emulsion, whereby lecithin is less securely attached 
to the protein framework. It has been noted that red blood cells con- 
duct electrical current less well than serum and that hemolysis is 
accompanied by a sudden rise in conductivity.® Iso-agglutination is 
dependent on both serum and cells. It affects the cell as an entity, in 
contrast to hemolysis, which affects some of the components of the cell. 
The H-ion concentration of the serum and the cell membrane are the 
important factors in agglutination rather than changes of the cell 
content.’® 
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Of the various laboratory methods, the microscopic examination of 
fresh cells and serums is preferred. The grouping may be done in a 
variety of ways. In the Moss ™ technic, which is in use in the Barnes 
Hospital, serums from the blood of persons in Groups II and III are 
used, with the red cells of the unknown group. In the Brem * method, 
the serum and a corpuscle suspension of either a known Group II or 
Group III and a like collection of the unknown blood are employed. 
3rem found that isohemolysins may interfere with group determination 
by breaking the agglutinating corpuscles so rapidly that they may 
obscure the agglutination reaction. He obviated this by using the anti- 
hemolysin which Moss found constantly present in the serum of the 
blood whose corpuscles are hemolyzed by a serum belonging to another 
group. Serums contain no antiagglutinins. Epstein and Ottenberg ** 
devised a test for agglutination and hemolysis on small amounts of 
blood by the use of capillary pipets. Rous and Turner *™ also use 
capillary tubes in their agglutinating test. The clotting of the blood 
offers some difficulty in the use of capillary tubes. Percy '° has described 
a simple method for making the hemolysis test. Lee,’® on the basis that 
the important consideration in blood grouping is that the serum of the 
recipient does not agglutinate the red blood cells of the donor, used only 
the serum of the recipient and the cells of the donor. 

Various macroscopic tests are described. Weil?’ uses citrated blood 
in test tubes. Vincent ** places the serum of Group II at one end of a 
glass slide and serum of Group III at the other end. To each of these 
he adds a drop of the fresh blood to be tested. The reaction is macro- 
scopic. The emulsions on the ends of the slides may be allowed to dry, 
and preserved as permanent records. If a mixture of 0.5 c.c. of blood 
of a recipient and the same amount of blood from a possible donor is 
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injected into the heart of a guinea-pig, incompatible blood is said to kill 
the animal.’® 

The compatibility of specimens of blood may be determined by 
“matching” one blood directly with another without the determination 
of the group of either. The donor’s serum is added to the recipient’s 
corpuscles and observed microscopically for agglutination, as are the 
donor’s corpuscles and the recipient’s serum. During the past two 
years, this procedure has been carried out in our laboratories in addition 
to the grouping of the patients. This procedure serves as a reliable 
check when the grouping is done by various laboratory workers. 
Prospective donors are chosen from the same group as the recipient and 
their blood matched. Occasionally, in matching the blood of persons of 
the same blood group, a few scattered agglutinating clumps of red blood 
cells will be observed under the microscope. Such types of blood should 
be regarded as incompatible and not used for transfusion because of the 
great likelihood of reaction. 

The matching of specimens of blood has restricted the use of 
Group IV as a universal donor. Until 1920, the universal donor was 
used for transfusion of any group. The practice was discontinued 
because of reactions traceable to the use of such blood. In spite of the 
high dilution to which the incompatible plasma is brought after intro- 
duction into the veins of the recipient, fatal accidents are recorded from 
the agglutination of the red blood cells of the recipient by the donor’s 
plasma when the recipient belonged to a group other than that of the 
universal donor. However, in some clinics the agglutination of the 
patient’s corpuscles by the donor’s serum is disregarded, and the only 
danger considered lies in the action of the recipient’s serum on the 
donor’s corpuscles. Reports of the Inter-Allied Surgical Congress *° 
state that fatal accidents have occurred from hemolysis of the blood 
corpuscles of the recipient by the donor’s plasma. 

It is important to know whether there can ever be a change in the 
blood group of a person. We have no personal knowledge of a 
temporary or permanent change of a blood group. Personal instances 
of supposed changes have proved to be the result of some error in 
technic of grouping. There has been proved a variation in the agglu- 
tinating ability of serums from different persons of the same group, 
as well as a variation in the ability of corpuscles of the same group to 
be agglutinated by the same serum." This variation of strength of 
human blood iso-agglutinins can best be explained by the hypothesis 
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originally advanced by Dungern and Hirschfeld.2? They assumed two 
agglutinable factors present in the corpuscles and two agglutinable 
factors in serum. The group of any blood is determined by the distribu- 
tion of these factors, which may be illustrated by representing the 
agglutinating units in the corpuscles as “A” and “B” and the corre- 
sponding factors in the serum as “a” and “b”, as shown in the accom- 
panying table. This hypothesis has been confirmed many times by 
adsorption tests.*° 

Variations noted in individuals of the same group may be ascribed 
to differences in strength of “A”, “B”, “a” and “b”’. Though agglu- 
tinins vary in their relative strength, it has always been possible to 
classify them into the four groups in many thousands of tests by many 
different workers.** This variation of titer of agglutinins is another 
good reason for the direct testing of serum and corpuscles from both 
donor and recipient and for care in the selection of individuals from 
whom is obtained the standard serums of Groups II and III for testing. 





Determination of Groups of Blood 
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From evidence in the recent literature, it is probable that there may 
be other factors that may change agglutinins. Certain drugs, roentgen- 
ray irradiation and general anesthesia have been reported as the cause 
of temporary change of blood from one group to another.*® In three 
cases, Levine and Segall ?° found, after a prolonged ether anesthesia, 
an alteration in the patients’s serum as regards its hemagglutinin prop- 


erty. In such cases, the blood serum had a pinkish tinge when with- 
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drawn immediately after the operation, and agglutinated the donor’s 
corpuscles. These changes disappeared in about twenty-four hours after 
the anesthesia. They conclude it is unsafe to perform a transfusion 
during this period, even when the donor’s blood has been found suitable 
previous to the anesthesia. In twenty-six of our patients in whom trans- 
fusion was performed during, or immediately after, ether anesthesia 
lasting more than one hour, the percentage of reactions was no higher 
than in any other group of cases. There were twelve transfusions given 
by the sodium citrate method, twelve by syringe cannula and two with 
waxed tubes in the twenty-six cases. These were all cases of hemor- 
rhage or shock or a combination of them. 

Disease is thought by Bond to alter the iso-agglutinins. He observed 
that iso-agglutinins formerly absent in the serum of a given person may 
appear in that serum after the person has successfully withstood a sys- 
temic infection.?* 

Certain iso-agglutinins may be dependent somewhat on diet. Harper 
and Byron find that diet apparently affects the serum of Group III, 
and interferes with the proper agglutination of cells of Group III blood 
in Group II serum.** 

There are various opinions as to the effect on blood compatibility of 
repeated transfusions from the same donor to the same recipient. It is 
probably true that multiple transfusions from the same donor to the 
same recipient occasionally develop, in the blood of the latter, specific 
agglutinins and hemolysins against the donor’s cells rather than a change 
in the recipient’s original blood group agglutinins. Such transfusions 
have not been frequent in our series. In one case, a severe hemolytic 
reaction took place after a second transfusion from a donor who had 
previously acted as such without reaction. Similar cases have been 
reported by Thalhimer,”® Astrowe and others.*° We now determine the 
compatibility of the blood of such donors and recipients before each 
transfusion. 

In carrying out blood tests, auto-agglutinins (cells agglutinated by 
their own serum) should be looked for; especially in cases of severe 
anemia and in patients that have had numerous transfusions over a short 
period from the same donor, or when the test is made at a low temper- 
ature. Cases of autohemagglutination of human red cells have been 
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reported by Clough and Richter,*! Kligler ** and others.** One case 
has been observed in this hospital in a patient suffering from pernicious 
anemia. It apparently occurs in animals more frequently than in human 
beings. Serum separating from blood clot at 37 C. will yield antibodies 
not demonstrable in serum taken in the cold, and, conversely, agglu- 
tinating mixtures examined at room temperature are far more likely to 
yield positive findings than those kept at blood heat.** Blood containing 
auto-agglutinins will clump its own cells when the temperature is 
lowered.*®° The clumping disappears when the temperature is raised to 
37 C. This phenomenon might result in the blood’s being erroneously 
placed in Group I. Such cells should be washed repeatedly in warm 
saline solution until a suspension shows no auto-agglutination when 
placed in the icebox. 

Rouleaux of cells are at times confusing. These may be eliminated 
by varying the dilution of the serum and the cells. No ill-effects have 
been noted when such blood has been used for transfusion. 

In blood grouping, the specificity and strength of the standard 
serums used should be proved frequently. The blood to be tested 
should not have stood for more than twenty-four hours. Only clean 
glassware should be used, for it has been found that contact hemolysis 
is most marked on slightly soiled glass when washed cells are used.*® 
Our agglutination tests have been made at room temperature. It has 
been shown that macroscopic agglutination of red blood cells takes 
place more readily at low than at high temperatures and that they 
adsorb a larger amount of iso-agglutinins at a low than at a higher 
temperature.*’? The cell and serum mixtures should not be allowed to 
dry while the tests are being made, or there may be nonspecific agglu- 
tination. Bloods that show atypical reactions in grouping and matching 
had better be discarded and a new donor sought. 

During the war, interest in the preservation of standard serums 
was aroused. Our method has been to collect 20 c.c. of blood from 
individuals in Group II and Group III, respectively, under sterile condi- 
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tions. When the blood has coagulated, the serum is pipetted into two 
sterile flasks and 2 c.c. of a 1.5 per cent. solution of sodium citrate is 
added to prevent coagulation of the small amounts of fresh blood mixed 
with the serum in making the tests. The cells may be centrifuged from 
the serum instead of waiting for the clot separation. The serums will 
keep in an icebox for five or six weeks without deterioration. A few 
drops of a 0.25 per cent. tricresol solution may be added as a preserva- 
tive. Such standard serums may be kept for months in an icebox in 
sealed glass tubes or in sealed bottles, without deterioration. After a 
few weeks, serum exposed to the air tends to lose its specific agglu- 
tinating power. Iso-agglutinins are thermostabile. Sanford ** has dried 
standard serums on clean cover slips, wrapped them in paper and pre- 
served them in an icebox. He found that after two months the dried 
serums retained their agglutinating properties. The unknown blood 
to be tested is used in dissolving the dried serum. Another method is 
to dry the blood serum and store it in sealed containers, using a small 
portion of it in solution with physiologic sodium chlorid solution when 
desired for grouping.*® Hartman *? has preserved serums by the use 
of filter paper. Blood serum from a known group is evaporated to dry- 
ness in a porcelain dish, and to the residue is added the smallest amount 
of physiologic sodium chlorid solution that will dissolve the residue. 
Pieces of heavy filter paper are saturated with this solution and allowed 
to dry. The filter paper is preserved in a moisture-proof container. 
Such serums are said to keep indefinitely. It is thought, however, that 
dessication of serum leads to deterioration of the agglutinins and that 
the serum soon acquires the power of nonspecific agglutination.* 
Recently, Holt and Reynolds ** have shown, by separating pseudo- 
globulin, euglobulin and albumin from serum, that the hemagglutinating 
property is contained in the pseudoglobulin content, euglobulin and 
albumin apparently playing no part. They found that pseudoglobulin 
retains its potency for about two and one half months. Fresh, non- 
desiccated serums are undoubtedly preferred for routine use. 

Familial relationship has no bearing on blood grouping other than 
that which has been demonstrated by von Dungern and Hirschfeld ** 
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and others ** that human iso-agglutinins are inherited according to 
Mendel’s law. In confirmation of the hereditary nature of human blood 
groups, Ottenberg ** collected data from a new series of families, and 
points out the possible medicolegal application of the fact for the 
determination of parentage. Buchanan ** holds that Ottenberg’s criteria 
for determination of legitimacy of offspring by means of the blood 
groups are dangerous. Further observations are necessary before the 
question can be answered.*® These units of inheritance cannot be 
investigated in experimental animals because tests made on dogs, 
cats, cattle, horses, swine, rabbits, guinea-pigs, rats and mice fail to 
show blood groups.*? In the blood of certain ones of this variety of 
animals, however, nonspecific agglutinins have been found. There 
seems to be a definite racial distribution of isohemagglutinin groups.** 
The difference between the blood of a mother and that of her infant 
was first noted by Halban.*® The agglutinating power of the mother’s 
serum is far greater than that of the blood taken from the umbilical 
cord of the infant. Ninety-seven per cent. of adults have agglutinins in 
their serums, while it is present in the serums of only 13 per cent. of 
new-born infants. Only 25 per cent. of new-born infants have cells 
that can be agglutinated in contrast to 50 per cent. among adults. In 
animals, agglutinins and hemolysins tend to come to essentially the same 
concentration in the maternal and fetal blood.*® Agglutinins identical 
with those of her blood are present in a mother’s milk, but they are 
not transmitted through the milk to the infant, since bottle-fed infants 
appear to develop iso-agglutinins in the same manner as do breast-fed 
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infants. Group characters are established in the corpuscles before they 
are established in the serum and are subject to change until the group 
of the serum has been established.*! The exact group is not determinable 
before the end of the first year and is not necessarily the same group as 
that of the mother. In thirty-four tests on the blood of mothers and 
their infants, Cherry and Langrock** found no agglutination or 
hemolysis. They concluded that all mothers may be used as donors 
for their respective infants, provided no contraindication exists on the 
part of the mother. In an unpublished article, O’Keefe and Fenton find, 
on testing the bloods of thirty infants and their mothers on the obstetric 
service of Barnes Hospital, that in four cases the blood was incom- 
patible. This percentage agrees approximately with that of some other 
observers. The blood cells of most children under 1 year of age cannot 
be agglutinated, and their serum cannot agglutinate alien cells; yet 
incompatibility between the blood of a mother and her new-born infant 
undoubtedly may occur, so that the testing of the blood should not be 
omitted even though the mother is a prospective donor. Owing to the 
variations of the cells and serums of infants, their blood should be 
tested directly against that of the donor. 

There has been noted some differences in the agglutinating action 
between serums obtained from normal individuals and those from 
patients suffering from a severe anemia. It is generally considered 
that this fact has no diagnostic value. Buchanan and Higley ** have 
found that there is no relationship between blood groups and malignancy 
or any other disease, but conclude that nationality may be a feature 
in distribution of blood groups. Alexander ** believes that there is a 
blood group and disease relationship. He is of the opinion that all 
four groups are liable to malignancy, but that Groups II and III are 
peculiarly susceptible. 


METHODS OF TRANSFUSION 


The choice of method of transfusion is largely dependent on local 
conditions. The citrate method seems to have the greatest number of 
posttransfusion reactions, regardless of which one of the innumerable 
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variations © of citrate technic is used. However, the citrate method can 
readily be a one man procedure, in contrast to other methods, which 
require two and three operators, and it does not demand the speed in 
transference of the blood from donor to recipient that the other methods 
do. The blood may be taken from a donor in one part of the hospital 
and given to a recipient in another part. Robertson,®* in 1918, using 
the method of preserving red blood cells described by Rous and Turner, 
was able to preserve blood for several days and then transfuse it 
successfully. Many features make the citrate method particularly 
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adaptable to war conditions. It is, moreover, the method of choice in 
transfusion in all cases of septicemia and of syphilis in which there is 
danger of infecting the donor from the recipient. The citrate method 
is particularly adapted for transfusion in infants and young children. In 
infants in whom a superficial vein cannot be obtained, the blood may 
be introduced through the anterior fontanel into the superior longi- 
tudinal sinus. We have found no increase in the fragility of red blood 
cells from the use of sodium citrate. Mellon, Hastings and Casey *’ 
have been unable to find an anticomplementary action or a decrease in 
the phagocytic index of leukocytes following citrate transfusion as 
described by Unger.** 

Because of the fewer posttransfusion reactions, which we hold to 
be harmful, the transfer of whole blood without the addition of a 
chemical is desirable in most cases in which assistants and apparatus are 
available. We have found the syringe-cannula method, as described 
by Lindeman,** the easiest method of transferring undiluted blood and 
have now used this technic without regret for two years. Experience 
and teamwork make this procedure no more difficult than the citrate 
method. In our hands, the transfer of blood by the use of waxed 
tubes has been more difficult than by syringes. 

One still reads an occasional report of a direct transfusion by 
vessel to vessel anastomosis in this country °° and abroad.** Horsley, 
Vaughan and Dodson, in using this method recently in twenty-four 
cases, did not observe even a chill in any of the patients. This 
method has not been used in this clinic because of its many obvious 
disadvantages. 

REACTIONS TO TRANSFUSION 


No method of blood transfusion has been devised that is not followed 
by a varying percentage of reactions. Reactions are manifested by 
fever, malaise, nausea, vomiting, chilly sensations or actual rigor, 
muscular pains, dyspnea, cyanosis, pruritis, urticaria and headaches. 
The fever varies from 2 to 10 degrees. It may subside rapidly within 
twenty-four hours or it may prolong itself as a low grade fever for 
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several days. Following transfusion by the use of syringes, it is noted 
that a small percentage of patients have a rise of temperature on the 
following day of from 2 to 3 degrees, apparently due to the transfusion. 
The very high temperatures are usually accompanied by chills. Chills 
are seemingly less frequent in children than in adults with a correspond- 
ing rise of temperature. Those patients that had fever previous to 
transfusion have no more reactions than those that do not have it. 
Severe reactions following transfusion have undoubtedly been the pre- 
cipitating factor in the death of very sick patients. Reactions have 
been no more frequent in patients that have had multiple transfusions 
than in those that have had one transfusion; nor does the degree of 
anemia of the recipient seem to be a factor. It is to be borne in mind, 
however, that in nearly all cases, the blood of our recipients and donors 
have been matched previous to every transfusion. The blood of certain 
donors on our list seems to give rise to more reactions than does that of 
others. This fact has been noted in other clinics. The greatest factor 
controlling reactions, assuming the compatibility of the blood, lies in the 
technic employed for the transfer of the blood. 

The onset of a reaction may occur during the transfusion, especially 
after the injection of the first few cubic centimeters. Some of these 
reactions seem to be of an anaphylactic nature, the most striking feature 
of which is the dyspnea, cyanosis and the altered pulse. Relief is 
afforded by the injection of epinephrin and morphin. The recipient 
should receive no more blood from that donor after such reaction is 
first manifest. The reaction usually occurs from one half hour to four 
hours afterward. We have observed no chills after four hours following 
transfusion. Treatment for such reactions is symptomatic. Butsch 
and Ashby “ find that the length of time elapsing after meals or abstain- 
ance from food, before giving a transfusion, has no effect on the 
probability of reaction. 

That the addition of sodium citrate to blood increases the number of 
reactions is demonstrated by the difference between the percentage of 
reactions following citrate transfusion and that following unadulterated 
blood transfusion. This holds true, even though the citrate is added 
to the blood in the needle probably before incipient coagulative changes 
have taken place. Whether the reaction following citrate transfusion 
is due to the intravenous injection of the citrate alone, its action on 
the transferred blood or its action on the blood already possessed by 
the recipient is not clear. Many explanations has been offered for the 
causation of such reactions. Incipient coagulative changes, as the modifi- 
cation in the blood platelets and the formation of thromboplastin and 
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thrombin, are believed by some writers “* to be the factors. Mellon, 
Slagle and Acree ** have called attention to the possible role of the 
variable py of sodium citrate in the causation of reactions in sodium 
citrate transtusions. 

Blood is not toxic at the moment of removal but becomes so during 
the early clotting changes and its toxicity is increased by contact with 
foreign substances.** 

The introduction of a foreign protein is looked on as a cause of 
reaction in a small percentage of cases. A protein solution, such as 
blood serum, intravenously injected, may be harmless alone but may 
be activated sufficiently by the patient’s blood to become toxic. Skin 
reactions, such as urticaria, following injection of alien blood may be 
looked on as foreign protein reactions. We have noted several cases 
in which urticaria was the only manifest reaction. The possibility of 
free hemoglobin in the blood being a cause of reactions following trans- 
fusion has been eliminated by the work of Sellards and Minot * and 
of Bayliss.” 

Many cases of hemolysis following transfusion are recorded, many 
of which have been fatal. We have had no cases of hemolysis in which 
there were no errors in the preliminary blood testing. From the number 
of cases of hemolysis that have occurred since the advent of blood 
grouping, one may imagine the number that must have occurred before 
its introduction. Hemolysis may be due either to the action of the 
donor’s serum on the recipient’s cells or to the action of the recipient’s 
serum on the donor’s cells. The latter is probably more frequent 
because of the dilution of the donor’s serum by the recipient’s blood. 
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Red blood cells of each may be destroyed by the other’s serum. Bern- 
heim ** collected statistics on 800 transfusions by twelve different 
operators and found fifteen cases of hemolysis with four deaths. 
Percy *° reports two cases in which fatal hemolysis occurred when the 
preliminary hemolysis tests were negative. Minot and Lee ® have 
reported three cases of isohemolytic reactions in patients in whom trans- 
fusion had previously been performed. There was no agglutination or 
hemolysis of the donor’s or recipient’s blood before or after transfusion. 
This suggested the formation, through previous transfusions, of some 
unknown antibodies. Boidin had a case in which severe shock and 
hemolysis occurred in a transfusion with perfectly matched blood. 
Many other cases of hemolysis have been reported.*° 

In two of our cases, fatal hemolysis followed transfusion. In the 
first patient, transfusion was performed because of loss of blood by a 
secondary hemorrhage following a nasal operation. The blood of both 
the donor and the recipient was reported to be in Group IV, their 
blood matching perfectly. The patient was given 620 c.c. of blood by 
the syringe-cannula method, without immediate untoward effect. Shortly 
after the transfusion, persistent vomiting began together with sup- 
pression of urine. At the end of twenty-four hours, she voided 30 c.c. 
of urine containing a few red and white blood cells, much hemoglobin 
and many casts. Icterus followed shortly, accompanied by an enlarge- 
ment of the liver. The spleen could not be felt, and there was no fever. 
A hemorrhagic retinitis developed. Before transfusion, the erythrocyte 
count was 3,100,000; the leukocyte count, 19,000; hemoglobin, 60 per 
cent. The day after transfusion, the erythrocyte count was 2,500,000; 
the leukocyte count, 25,000 ; hemoglobin, 60 per cent. The erythrocytes 
were normal in contour ; there was some unusual achromia, but no gran- 
ular degeneration of cells. Fragility tests showed hemolysis of the blood 
of the recipient and of the donor by sodium chlorid to be within normal 
limits. The blood of the donor and of the recipient was rematched and 
found not to be compatible. The recipient died eleven days after 
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receiving the blood. The second fatal case, due to an error in laboratory 
technic of blood testing, followed transfusion in a patient suffering from 
myelogenous leukemia. Forty cubic centimeters of blood had been 
given by the syringe-cannula method, when the patient became nauseated 
and restless. She vomited and became unconscious. Transfusion was 
stopped simultaneously with the first symptoms. A chill occurred, with 
a rise of temperature to 108 F.; the pulse became weak ; blood pressure 
fell from 130 to 90 systolic. She voided 90 c.c. of urine containing 
erythrocytes and hemoglobin. Death ensued fourteen hours after the 
transfusion. The first patient received 620 c.c. of blood, transfusion 
being followed by an insidious onset of hemolysis; while the second 
received only a small amount of blood, its transfusion resulting fatally 
for her ina short time. Lindeman believed 10 per cent. of his reactions 
were due to hemolysis in vivo. 

No recipients among our cases have developed symptoms of acute 
cardiac dilatation. When massive transfusions are given, the last few 
hundred cubic centimeters of blood are given slowly, regardless of the 
method employed, and the patient is watched for ill-effects. 

Rubber tubing used in citrate transfusions has been found by Bus- 
man‘ to be a factor in the number of reactions. The brand of sup- 
posedly pure gum rubber tubing, which was found to produce reactions 
in arsphenamin injections, is apparently able, when new, to produce 
reactions if used in blood transfusion. The toxic agent is removed by 
soaking the tubing in normal sodium hydroxid for six hours. 

Reactions may be further minimized by the use of only absolutely 
clean and sterile syringes, glassware, etc. The amount of saline used 
in the tubing for citrate transfusion, or in syringes when the latter are 
used, should be the smallest possible. The blood should be introduced 
before cooling has taken place. 

In seventy-nine sodium citrate transfusions for various indications 
at the Barnes Hospital, thirty-seven, or 46.8 per cent., were followed by 
rise of temperature of more than 1 degree, either accompanied or 
unaccompanied by other symptoms. Twenty-four of the thirty-seven 
patients had chills. In seventy-nine transfusions by the use of syringe 
cannulas, eleven patients, or 13.6 per cent., had a similar reaction. All 
except three of the foregoing transfusions were performed on adults. 
In another group of cases extending over the same length of time at 
the St. Louis Children’s Hospital, there was a much lower percentage 
of reactions. The majority of these patients were infants, and all were 
under the age of 14 years. Seventy-three blood transfusions were 
given to fifty-two patients. In sixty-five sodium citrate transfusions, 
there was a posttransfusion reaction, as interpreted in the preceding 
cases, in nineteen cases, or 29.2 per cent. In six transfusions by means 
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of syringes, there were no reactions. No reaction followed the use of 
waxed tubes in two transfusions. As practically the same technic of the 
three methods was carried out in all cases, it seems that children are 
not so prone to transfusion reactions as adults. 

There is a wide variation in the percentage of reactions at other 
clinics. Pemberton,’? in 1,000 citrate transfusions at the Mayo Clinic, 
found that 21 per cent. of the patients had reactions consisting of chills 
and fever in from fifteen minutes to one hour afterward ; another group, 
15 per cent., had a rise of temperature to 100 F. In seventy-five citrate 
transfusions by Lewisohn,** 10 per cent. of the patients had a chill. 
In 129 other citrate transfusions by him, 15 per cent. of the patients 
had chills, while in 200 other transfusions, 20 per cent. of the patients 
had chills and in the last 365 transfusions by the citrate method 24 per 
cent. of the patients had chills. LLewishon, in a special series of cases, 
found posttransfusion reactions in 23 per cent. following citrate trans- 
fusion and in 34 per cent. after the employment of Unger’s method. 
Meleny, Sterns and Fortuine ** report 64.8 per cent. of reactions in 280 
transfusions by the sodium citrate method, and 64.4 per cent. of reac- 
tions following seventy-three syringe-cannula transfusions. Syden- 
stricker, Mason and Rivers ** in 100 citrate transfusions in thirty-four 
patients had 17 per cent. mild reactions. In 1914, Lindeman,’® in 150 
syringe-cannula transfusions, observed chills in 33 per cent. of the 
patients. In 1916, he reported 146 transfusions, in which he had per- 
sonally supervised the blood tests, with only 9 per cent. of chills. In 
1919, he had performed 214 transfusions, with no resultant chills. 
Minot and J.ee,*® in ninety-two transfusions, in most of which paraffin 
tubes were used, observed 40 per cent. reactions. Drinker and Britting- 
ham,** in eighty-three transfusions by the citrate method, observed a rise 
in temperature of 214 degrees in 60 per cent. of cases, and 47 per cent. 
of these patients had chills. 


INDICATIONS FOR TRANSFUSION 
In considering the indications for transfusion, the fate and function 
of the different elements of the transfused blood in the donor are an 
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important physiologic problem. The blood volume, an important factor 
in pathologic states, is believed to be reduced in the majority of the 
severe anemias. During transfusion, the blood volume may be calcu- 
lated by the method given by Lindeman.** There is a tendency toward 
a constant plasma volume, which is attained only by the withdrawal of 
tissue fluids. The advisability, following an acute hemorrhage, of 
restoring blood volume with blood is highly desirable. It is just as 
essential in the chronic anemias, for variations seem to be most marked 
in individuals with a low hemoglobin content. When the total blood 
volume may not be markedly lowered, there can be demonstrated in 
severe anemia, by hematocrit readings, a relative increase in the plasma 
and decrease in the red blood cells. Clinically, this decrease of red 
blood cells is evidenced often by an increased blood flow and dyspnea, 
which are an effort on the part of the tissues to rid themselves of 
accumulated carbon dioxid. 


Hemoglobin, as well as blood volume, then becomes a decisive factor 
in the anemias. Corpuscles make up about one half the volume of the 
normal blood; but to be of value the transfused cells must continue to 
be able to carry oxygen. The ability of any red blood cell to carry 
oxygen is dependent on the age of the cell, the rate of the circulation and 
the salt content of the plasma. Clinical improvement, following trans- 
fusion, of symptoms attributable to asphyxiation argues for the reten- 


tion of the ability of the red blood cell to function normally. Blood 
estimations, furthermore, show increases, and smears of the blood of 
the recipient show no morphologic changes in the cell bodies. There 
is no clinical or laboratory evidence of the immediate destruction of 
such transferred cells. 

The long life of the transfused cell is striking evidence of the 
continued functioning of the cells. Transfused cells were found by 
Ashby *° in the circulation of a normal person after thirty days. The 
length of life of transfused cells may be even greater in the anemias 
than in the normal. Wearn, Warren and Ames *° found that the life 
of the transfused cells in primary and secondary anemias averaged 
eighty days. It is reasonable to assume they would soon be extruded 
from the circulation as other foreign bodies were they not functioning. 
Large quantities of fine particles of india ink disappeared from the 
blood stream of a rabbit within an hour.*! The mode of the final elimi- 
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nation of the red cells is not known. Fragmentation, phagocytosis and 
hemolysis are factors. Evidence that red blood corpuscles enter the 
circulation and function after an intraperitoneal transfusion of blood 
has been presented.**? The reinfusion of free blood in the peritoneal 
cavity is practiced by several.8* Subcutaneous injection of blood may 
even cause a rise in the percentage of hemoglobin. 
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Chart 1—Marked response to a blood transfusion for a secondary anemia 
resulting from a thigh amputation for epithelioma of the leg. There was little 
blood lost at operation. 
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Thromboplastic material is transferred from donor to recipient; 
which can alter the coagulating mechanism. In certain injections, the 
transference of immune bodies has been of value, both from specifically 
and from nonspecifically immunized donors. 


The improvement noted clinically in well chosen cases of transfusion 


is not due to the bulk of the transferred blood alone but to its stiniu- 
lation of the hematopoietic organs as well. Immediately following a 
transfusion there is an increase in the red cell count and in the hemo- 
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Chart 2.—Remarkable blood changes following a transfusion for secondary 


anemia following an operative wound infection. There was a fall in leukocytes 
subsequent to transfusion. 


globin reading, which is accounted for by the volume of the blood trans- 
ferred. Following this initial rise, there may be a slight fall in the 
readings during the first twenty-four hours. The subsequent steady 
rise, as seen in the simple anemias (Charts 1 and 2), and, undoubtedly, 
initiated by the transfusion, must be due to the stimulated production of 
blood-forming organs. The increase of cells is evidenced by the find- 
ing of new formed cells in smears by vital staining. 
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HEMORRHAGE AND SHCCK 


There has been accumulated during the war, and in the period since, 
a vast amount of clinical and experimental facts concerning the value of 
blood transfusion in hemorrhage and shock. It has been established as 
almost a specific in acute hemorrhage, and its great value in shock, 
associated with hemorrhage, and in shock alone, has been established. 
The rationale of the procedure is based upon the experimental work 


of Erlanger, Cannon and Bayliss, together with their collaborators, and 


s4 


others.** Many clinical observations have been made.* 
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Lancet 1:715 (May 12) 1917. Harrison, B. I.: Blood Transfusion at the Front 
Area, J. A. M. A. 71:1403 (Oct. 26) 1918. Herhold: Die Bluttransfusion im 
Kriege, Miinchen. med. Wchnschr. 66:288, 1919. Interallied Surgical Congress, 
Paris, March, 1918, discussed by Rieux, J.: Present Status of Transfusion of 
Blood, Paris méd. 8:349 (May 4) 1918. Lee, R. I.: Field Observations on Blood 
Volume in Wound Hemorrhage and Shock, Am. J. M. Sc. 158:570 (Oct.) 1919. 
Munroe, A. R.: Rational Treatment of Surgical Shock Based on Proven 
Physiological Data, Canad. M. J. 12:136 (March) 1922. Primrose, A.: The 
Value of Transfusion of Blood in the Treatment of the Wounded in War, Ann. 
Surg. 68:118 (Aug.) 1918. Robertson, O. H.: Footnote 55, twenty-first refer- 
ence. Robertson, O. H., and Bock, A. V.: Blood Volume in Wounded Soldiers, 
J. Exper. Med. 29:139, 155 (Feb.) 1919. Robertson, L. B.: A Contribution on 
Blood Transfusion in War Surgery, Lancet 1:759 (June 1) 1918. Robertson, 
L. B., and Watson, C. G.: Further Observations on the Results of Blood Trans- 
fusion in War Surgery, Ann. Surg. 67:1 (Jan.) 1918. Wallace, C.: A Study of 
One Thousand Two Hundred Cases of Gunshot Wounds of the Abdomen, Brit. 
J. Surg. 4:679 (April) 1917. 
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Whatever may be the essential factors in the cause of shock, there 
is found, among other changes, a reduction in the effective blood volume 
and in the volume flow due to vasoconstriction, with resulting capillary 
stasis. There is associated a low venous pressure and a low or falling 
arterial pressure. With this knowledge, we rely on blood pressure read- 
ings, together with the clinical picture, as an index for the need of a 
transfusion. Blood counts and hemoglobin readings have proved 
unreliable. If a patient with a persistently low pressure (systolic, 80), 
coupled with a rapid, weak pulse, subnormal temperature, cold, moist 
skin, thirst, rapid respiration, restlessness, etc., does not respond 
decidedly within a half hour to such measures as the application of heat, 
fluids subcutaneously and by mouth, morphin if restless or in pain, 
elevation of the foot of the bed, a transfusion of blood is performed. 
This is carried out following an actual hemorrhage, or when the patient 
is in shock or is suffering from a combination of them. Early restora- 
tion of the circulating blood volume is of prime importance before 
there is damage to asphyxiated tissue, especially the central nervous 
system. The longer the interval of low blood pressure, the less marked 
will be the effects of the transfusion. Mild cases of hemorrhage and 
hemorrhage with shock require a restoration of blood volume for the 
depleted blood and other body fluid reserves, while the severer cases 
require, in addition to the increase of blood volume, an increase of 
oxygen-carrying elements. 

The amount of blood to be transfused depends on the indication and 
the size of the patient. In acute hemorrhage, the largest amounts of 
blood have been given. Two thousand cubic centimeters is the most 
that has been given to one patient. It is not essential that the same bulk 
of blood that is lost be restored. The blood volume is to be sustained 
by fluids introduced subcutaneously and by mouth. Robertson and 
Bock ** have emphasized the great value of giving fluids by mouth in 
these cases. 

The effects of a successful transfusion on this group of patients are 
immediate, and are usually permanent. With the restoration of blood 
volume and of erythrocytes, there is a rise of arterial pressure; the 
cardiac rate is slowed with the establishment of normal venous return, 
and the respiration rate lessens with the reduction of anoxemia. 

In fourteen transfusions for acute hemorrhage, eleven were followed 
by recovery of the patient. One death resulted from hemolysis; one 
death occurred because the transfusion was delayed too long, and one 
death occurred during transfusion following an operation for carcinoma 
of the uterus. In eleven transfusions for hemorrhage, associated with 
phenomena interpreted as shock, there were four recoveries ; three addi- 
tional recoveries from the hemorrhage, but with subsequent death in 


86. Robertson, O. H., and Bock, A. V.: Footnote 85, fourteenth reference. 
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the hospital from other causes, and four immediate deaths. In twelve 
transfusions for shock, there were eight recoveries; three deaths, and 
one recovery from the shock, with subsequent death from another cause. 

Since we consider time an important factor in the results of trans- 
fusion, we keep a list of available grouped donors, and before every 
operation in which there is likely to be considerable loss of blood or in 
which factors conducive to shock are present, a suitable donor, usually 
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Chart 3—Transfusion in a case of pernicious anemia, followed by a 
remission. 


from the patient’s family, is held in readiness. Operating room facilities 
should be such that a transfusion can be started fifteen minutes after 
it has been decided on. 

PERNICIOUS ANEMIA 


Blood transfusion in pernicious anemia replaces red blood cells, 
whose production, except in remissions, does not equal their destruction. 
Either from a failure or erythrogenesis or because of an increased blood 
destruction, the anemia progresses to a fatal termination. Blood trans- 
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fusion increases the blood volume, which is reduced in the majority of 
cases §* of pernicious anemia. A further action of transfusion is the 
stimulation of the hematopoietic organs. That there is a stimulation of 
erythrocyte production may be demonstrated by the increase of poly- 
morphonuclear neutrophils, platelets and reticulated cells following 
transfusion.** 

Both small and large amounts of blood have been used, with varying 
results, for transfusion in cases of pernicious anemia (Charts 3 and 4). 
Some have been strikingly improved by small amounts and others by 
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Chart 4.—Poor response to a blood transfusion in a case of Streptococcus 


viridans septicemia. 


large amounts.*® The average amounts of blood now used varies 
between 400 c.c. and 800 c.c. During the transfusion of these patients, 
the blood should be given slowly and the patient watched particularly 
for cardiac symptoms. Fahr and Ronzone ** have found that in severe 


87. Denny, G. P.: Blood Volume in Pernicious Anemia, Arch. Int. Med. 
27:38 (Jan.) 1921. Lindeman, E.: Total Blood Volume in Pernicious Anemia, 
J. A. M. A. 70:1292 (May 4) 1918. 

88. Roessingh, M. J.: Test of Bone Marrow Function, Deutsch. Arch. f. klin. 
Med. 138:367 (Feb.) 1922. 

89. Fahr, G. E., and Ronzone, Ethel: Circulatory Compensation for Deficient 
Oxygen Carrying Capacity of the Blood in Severe Anemias, Arch, Int. Med. 
29:331 (March) 1922. 
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anemias increased minute volume of blood is the largest compensatory 
factor for the loss of oxygen-carrying elements of the blood. The 
proportional increase of red blood cells and hemoglobin varies in differ- 
ent cases in which the same amount of blood is transfused. 

Transfusion should not be performed during a remission, and it 
should not be delayed until the patient is too weak for the procedure. 
Posttransfusion reactions have been fatal to such weakened patients. 
The hemoglobin should never be allowed to fall below 40 per cent. 

We have had forty-seven blood transfusions in fifteen patients 
suffering from pernicious anemia. The length of time the beneficial 
effect lasts varies widely in the individual and in different patients. 
Transfusion is not regarded as curative, nor does it have a permanent 
value. However, it is supportive, may prolong life, and offers more 
when associated with removal of foci, rest, a rich diet, and the adminis- 
tration of arsenic and hydrochloric acid than any treatment employed 
at present. Transfusion seems to hasten and prolong remissions of the 
disease. Anders * collected the reports of a total of 450 cases from the 
literature, in which 1,084 transfusions were performed, and found an 
initiation of remissions in 56 per cent. of cases. Improvement clinically 
is usually immediate; in a few cases, this is delayed until the second 
and third day. 

Reactions have been no more frequent in pernicious anemia cases 
than in any other type of case. Those patients that have had a moderate 
reaction following transfusion have not been improved more than those 
that did not. 

Splenectomy, in addition to transfusion, before and after, has been 
carried out in too few cases to permit of any definite conclusions. The 
impression has been gained that it is of value in selected cases. Mayo *’ 
believes that the spleen should never be removed while the patient is in 
a crisis, but that the patient should be brought as nearly as possible 
to normal by transfusions before operation. The blood curve of such 
a patient is shown in Chart 5. 


SIMPLE ANEMIA 

Good results have followed blood transfusion in numerous cases of 
simple anemia. When there has been long continued loss of blood in 
small amounts, it is especially indicated. Anemic and cachectic patients 
may be made good operative risks by the procedure. The transferred 
blood functions in the simple anemias as in the primary anemias. 
Frequent transfusions may be necessary to restore the normal blood 
picture. 


90. Anders, J. M.: Transfusion of Blood in Pernicious Anemia, Am. J. M. 
Se. 158:659 (Nov.) 1919. 
91. Mayo, W. J.: Diseases of the Spleen, Ann, Clin. Med. 1:141 (Nov.) 1922. 
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OTHER DISEASES OF THE BLOOD 


No alteration in the course of the disease followed transfusion in 
seven cases of chronic leukemia. 

The use of injections of serum in the treatment of hemophilia is 
well known.*? Serum from any mammalian species, except the ox and 
the dog, appears to be effectual. Intravenous injection of human serum 
apparently produces the longest effect. Clinically, whole blood appears 
to be better than serum. It is just as easily administered and has the 
advantage of the addition of corpuscles and platelets. While the effects 
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Chart 5.—Blood changes in a case of pernicious anemia in which the patient 
received multiple transfusions before and after a splenectomy. 







are usually immediate, it does not permanently increase the coagulating 
time. Every hemophiliac should have an available donor. 

The hemorrhages of purpura have been temporarily stopped by 
transfusion. In purpura, the bleeding time is prolonged in contrast to 
the prolongation of the coagulating time in hemophilia. 












92. Chalier, J.: Traitment de Il’hemophilie congénitale par la sérothérapie 
maternelle, Rev. de méd. 36:522, 1919. Lewisohn, R.: Blood Transfusion in 
Hemophilia Neonatorum, Am. J. Obst. 77:933 (June) 1918. Peterson, E. W.: 
Results from Blood Transfusion, J. A. M. A. 66:1291 (April 22) 1916. Sicard, 
J. A.: Subcutaneous Homohemotheraphy, Presse méd. 26:304 (June 13) 1918. 
Weil, P. E.: Serum Treatment of Hemophilia, Lancet 2:300 (Aug. 7) 1920. 
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In hemorrhagic diseases of the new-born, transfusion has been 
efficacious. If difficulty is experienced in entering a superficial vein, 
it should be given into the superior longitudinal sinus. If the bleeding 
is not controlled by transfusion, whole blood or serum should be given 
intramuscularly.** Only small amounts of blood are necessary. 
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Chart 6.—Blood changes in an advanced case of pernicious anemia in which 
the patient received multiple blood transfusions. 


In nutritional conditions in infants in which the blood proteins are 
reduced to danger limits, Marriott ** has used repeated transfusions of 


93. Gelston, C. F.: Etiology of Hemorrhagic Diseases of the Newborn, Am. 
J. Dis. Child. 22:351 (Oct.) 1921. Green: Boston M. & S. J. 171:715, 1914. 
Lespinasse, V. D.: Treatment of Hemorrhagic Diseases of the Newborn by 
Direct Transfusion of Blood, J. A. M. A. 62:1866 (June 13) 1914. Schloss, O. S., 
and Commiskey, L. J. J.: Spontaneous Hemorrhage of the Newborn, Am. J. 
Dis. Child. 1:276 (April) 1911. Walthall, D.: Review of the Literature of 
Hemorrhagic Diseases of the Newborn, J. Missouri M. A. 19:100 (March) 1922. 
Welch: Am. J. M. Sc. 139:800, 1910. 

94. Marriott, W. M.: Some Phases of the Pathology of Nutrition in Infancy, 
Am. J. Dis. Child. 20:461 (Dec.) 1920. 
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small amounts of blood, thus tiding over the critical periods by raising 
the blood protein artificially. He has repeatedly seen good results from 
the use of blood transfusion in the case of athreptic infants. 


ICTERUS 

In an attempt to add to the blood of patients suffering from obstruc- 
tive jaundice those absent elements that are responsible for the pro- 
longation of the coagulating time, we have performed transfusions in 
these patients preoperatively with moderate amounts of blood. This 
procedure has been carried out in the deeply jaundiced even though the 
coagulating or bleeding time was not increased. There has been no 
postoperative hemorrhage in those that have had this preliminary treat- 
ment. The factors affecting the prolongation of the coagulation time 
in jaundice are not clear. Haessler and Stebbins * find that bile 
interferes with the conversion of fibrinogen into fibrin and not with the 
formation of thrombin, while Gram “** finds no decrease in the percentage 
of fibrin in jaundice. 


INFECTIONS 

In transfusion in seven cases of streptococcic septicemia from non- 
specifically immunized donors, there was no permanent improvement, 
death following shortly in each instance. Chart 6 shows the poor 
response of one of our patients. The interesting observation has been 
made by Kinsella ** that the reduction in the bacteriemia following trans- 
fusion is dependent on the patient’s febrile reaction. If there is no 
posttransfusion reaction, there is no reduction in the bacteriemia. He 
concludes that no benefit results in either case. Hooker ** favors the 
transfusion of immunized blood in cases of chronic staphylococcus 
septicemia, especially in those associated with bone conditions. We have 
performed only one transfusion for an acute infectious process, in 
which, presumably, there was no blood stream infection. The Fourth 
Interallied Surgical Congress concluded that transfusion is ineffectual 
and even dangerous in the treatment of acute infections because of the 
hemolysis that develops in the blood of the infected individual. In 
chronic infections with a secondary anemia, transfusion has been used 


95. Haessler, H., and Stebbins, Marianne G.: Effect of Bile on the Clotting 
Time of Blood, J. Exper. Med. 29:445 (May) 1919. 

96. Gram, H. C.: On the Causes of the Variations in the Sedimentation of 
the Corpuscles and the Formation of the Crusta Phlogistica (“Size,” “Buffy 
Coat”) on the Blood, Arch. Int. Med. 28:312 (Sept.) 1921. 

97. Kinsella, R. A.: Bacteriologic Studies in Subacute Streptococccus Endo- 
carditis, Arch. Int. Med. 19:367 (March) 1917. 

98. Hooker, R. S.: Treatment of Staphylococcus Septicemia by Transfusion 
of Immune Blood, Ann. Surg. 66:513 (Nov.) 1917. 
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with benefit in several cases. Experimentally, the bactericidal action 
of whole blood is better than that of serum or defibrinated blood.* 
Convalescent human serum has been used by several in the treatment 
of influenzal pneumonia, with good results.?° 


99. Heist, G. D., and Solis-Cohen, S.: The Bactericidal Action of Whole 
Blood, J. Immunol. 3:76 (July) 1918. 

100. O’Malley, J. J., and Hartman: Treatment of Influenzal Pneumonia with 
Plasma of Convalescent Patients, J. A. M. A. 72:34 (Jan. 4) 1919. Hartman, 
F. W.: Footnote 40. Redden, W. R.: Treatment of Influenza and Broncho- 
pneumonia with Human Serum, Med. Rec. 95:541, 1919. Ross, C. W., and 
Hund, E. J.: Transfusion in Pneumonia Complicating Influenza, J. A. M. A. 
71:1992 (Dec. 14) 1918. 

















STUDIES IN EXHAUSTION: V. HEMORRHAGE 


G. W. CRILE, M.D. 


CLEVELAND 


The conception of many investigators, notably Cannon, Dale, Mann, 
Erlanger and Gasser, that the primary cause of surgical shock is a loss 
of blood volume, renders a comparative study of the effects of physical 
trauma—especially of the abdomen—without hemorrhage, and of 
hemorrhage without physical trauma, of especial significance, the 
essential point being to determine what are the primary and what are 
the secondary factors in the end-results of each. As has been stated in 
the preceding sections of these studies, the limited space at our disposal 
prevents specific reference to the work of the many investigators in this 
field; nor would a review of the literature be appropriate in a presenta- 
tion, without discussion, of the findings in our own researches. 
Throughout these studies, however, the literature has been studied, as 
evidenced by the bibliographic references appearing in previous 
publications. 

Our first separate studies of the effects of hemorrhage unassociated 
with trauma were begun in 1904. Since then, the phenomena of 
exhaustion from this cause have been included in various phases of the 
researches which are still in progress. 


A. Btoop PRESSURE OBSERVATIONS 


The protocols of this group of experiments have been given in 
detail in previous publications.!_ The purpose of the earlier experiments 
was to determine the limits of “compensatory recovery” after hemor- 
rhage; that is, the level to which the blood pressure could be reduced 
without loss of the power of the circulatory system to maintain an 
efficient vascular content. We shall not include here any discussion of 
our experiments in counteracting the effects of hemorrhage. Methods 
of combating shock and exhaustion, however produced, will be con- 
sidered together in a later section of these studies. 

Our findings in this earlier group of experiments may be summarized 
as follows: 

1. A rapid hemorrhage at a constant rate produced an irregular fall 
in the blood pressure, the greatest fall occurring just after, or toward 
the end of, the loss of the first third of the blood removed. When the 
blood was withdrawn slowly, the blood pressure fell at a more uniform 
rate. 


1. Crile, G. W.: Surgical Shock, 1899; Blood Pressure in Surgery, 1903; 
Hemorrhage and Transfusion, 1909; Anemia and Resuscitation, 1914. 
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2. In death from hemorrhage, the respiratory center failed first. 

3. After a hemorrhage of about six tenths of the total amount of 
blood, spontaneous compensation sometimes brought the blood pressure 
back to a level at which life could be maintained (Figs. 1 and 2). 

4. The power of compensation after hemorrhage was related to the 
degree of activity of the vasomotor center. If the hemorrhage was 
continued until the vasomotor center no longer responded to reflex 
stimulation, the power of compensation was lost (Fig. 3). 

5. After severe hemorrhage, manipulation of the larynx produced 
respiratory inhibition but did not affect the blood pressure (Fig. 3, A). 

6. It was impossible to estimate, with any degree of accuracy, the 
amount of blood in proportion to body weight that any individual 





Fig. 1—Almost complete compensatory restoration of the blood pressure 
after an acute hemorrhage. 


animal could lose before the power of compensation was finally lost. 
This depended largely on the physical state of the animal. 

7. In animals in which a degree of exhaustion had previously been 
induced by trauma, malnutrition or disease, the power of compensation 
after hemorrhage was reduced. 


B. StTupIES OF THE CONSTITUENTS CF THE BLOoop 


In order to determine the effect of hemorrhage on the corpuscular 
and hemoglobin content, blood examinations were made before and 
after single and repeated hemorrhages. 

The findings which are included in Tables 1 and 2 indicate that, 
after a single hemorrhage of from 4 to 6.6 per cent. of the body 
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weight, the red cells showed a diminution in number of from 3.5 to 
36.8 per cent., with a loss of hemoglobin of from 5 to 20 per cent. 
After from three to five repeated bleedings, with a total blood loss of 
from 9.2 to 15 per cent. of the body weight, the red cells showed a 
diminution in number of from 68 to 78.7 per cent., with a loss of 
hemoglobin of from 45 to 65 per cent. 

In another group of experiments, dogs were bled from the femoral 
artery, at irregular intervals, and the cell counts and hemoglobin content 
were compared with those of dogs which had been subjected to shock- 
producing manipulations of the intestines. The findings are shown in 
Table 3, and a graphic comparison is made in Figures 4, 5 and 6. In 
the dogs subjected to hemorrhage, a marked increase in the coagulability 
of the blood was noted; so that the more a dog was bled, the more 





Fig. 2.—Compensatory restoration of the blood pressure after acute hemor- 
rhage, less marked than in Figure 1. 


difficult it became to obtain blood from the peripheral circulation. No 
alteration in the coagulability of the traumatized dogs was noted. 

In a group of clinical cases, an examination of the blood of the 
donors before and after transfusion gave the following results: 

Red Cells: In eighteen observations, the number of red cells was 
decreased in seventeen cases, unchanged in one. 

White Cells: In thirteen observations, the number of white cells 
was increased in twelve cases, decreased in one. 

Hemoglobin: In eighteen observations, the hemoglobin was decreased 
in twelve cases, unchanged in six.? 


2. A detailed account of these observations is given in Crile, G. W.; 
Hemorrhage and Transfusion, 1909, pp. 90-123. 
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C. Hustotocic STUDIES 


The effects of single and of repeated hemorrhages on the brain cells 
are shown in Tables 1 and 2. In two later experiments, the cerebrum, 
cord, liver and suprarenals, as well as the cerebellum, were examined 
(Table 4). 

These tables show that exhaustion due to hemorrhage is marked by 
the histologic changes that are found in exhaustion from physical 
trauma, shock, emotion, etc. (Fig. 7). Of particular note is the early 
effect of an acute hemorrhage, as shown in Table 2—an increased per- 
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Fig. 4—Comparison of the effects of hemorrhage and of abdominal shock on 
the blood of dogs; the red corpuscles. 


Fig. 5.—Comparison of the effects of hemorrhage and of abdominal shock on 
the blood of dogs; the hemoglobin. 


Fig. 6—Comparison of the effect of hemorrhage and of abdominal shock on 
the blood of dogs; the white corpuscles. 


centage of active cells, thus corresponding to the incipient effects of 
physical trauma, emotion, etc. 


D. PHYSICOCHEMICAL AND FUNCTIONAL STUDIES 


Studies of the Suprarenal Output.—A limited series of observations 
confirmed Cannon’s finding that hemorrhage causes increased activity 
of the suprarenals. 
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Measurements of the H-Ion Concentration —Three measurements of 
the H-ion concentration of the blood after an acute hemorrhage were 
made by Dr. Menten, with the following results : 

Experiment 1: Before bleeding, py 7.453; after bleeding, 7.335, 
7.371. 
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Fig. 7.—Changes in the brain cells resulting from hemorrhage reduced from 
photomicrographs, X 310. A, section of normal cerebellum of a dog; B, section 
of cerebellum of a dog after two hemorrhages on two successive days (Table 2, 
Experiment 1). 


Experiment 2: Before bleeding, py 7.58, 7.58; after bleeding, 
7.39. 7.38. 

Experiment 3: Before bleeding, py 7.53, 7.56; after bleeding, 
7.39, 7.36. 














ARCHIVES OF SURGERY 
THERMO-ELECTRIC STUDIES OF TEMPERATURE VARIATIONS 


IN THE BRAIN AND THE LIVER 


In two animals, direct measurements of the variations in the temper- 
ature of the brain and liver during a comparatively protracted and a 
short severe hemorrhage were made. In the first of these experiments 
(Fig. 8, A), the femoral vein was opened; in the second (Fig. 8, B), 
an artery was accidently torn during manipulation of the viscera for 
the purpose of locating and removing the suprarenals. The com- 
paratively slow progressive fall in the temperature of the brain in the 
first instance and the abrupt rise in the second are strikingly in accord 
with the clinical phenomena of a slow hemorrhage and of the immediate 
effect of an abundant acute hemorrhage. The rise in temperature in 
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Fig. 8.—Variations in the temperature of the brain and the liver: A, during a 
comparatively protracted hemorrhage; B, during a very rapid acute hemorrhage. 


the second case corresponds also to the hyperchromatism of the brain 
cells which is observed in like cases, and to the period of compensatory 
recovery. 

E. CLINICAL OBSERVATIONS 


The clinical results of acute and of chronic hemorrhage would seem 
too well known for any but passing mention here. It is pertinent to 
this discussion, however, to call attention to the identity of many of the 
clinical phenomena due to hemorrhage with those due to exhaustion 
from other causes; in particular, that form of exhaustion generally 
designated as “surgical shock,” since, as these studies have shown, the 
primary causes of these clinical phenomena are identical. 


SUMMARY 

1. The immediate effect of an acute hemorrhage on the cardio- 
vascular system is a stimulation to compensatory activity. If the 
hemorrhage is protracted, the power of compensation is gradually lost. 
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2. The immediate effect of an acute hemorrhage on the brain is an 
increased functional activity, which is manifested by an increase in the 
percentage of active cells, and an increased temperature of the brain. 

3. A prolonged hemorrhage or repeated hemorrhages decrease the 
functional activity of the brain, as is manifested by a decrease in the 
percentage of active cells, an increase in the percentage of fatigued 
and exhausted cells and a decreased temperature of the brain. 

4. After hemorrhage, histologic changes characteristic of exhaustion 
appear in the cortex of the suprarenals and to a lesser degree in the 
liver. The activation of the suprarenals in the response of the organism 
to hemorrhage is expressed also by an increased output. 

5. The H-ion concentration of the blood is increased by hemorrhage. 

6. The effects of hemorrhage as determined in the laboratory and 
as observed in the clinic, with the exception of the effect on the consti- 
tuents of the blood, are identical with the effects of physical trauma or 
of any other exhaustion-producing agent. 

7. A slight hemorrhage may be more dangerous in a debilitated 
patient than a massive hemorrhage in a vigorous subject. There is, 
therefore, no practical value in the categorical statement that a certain 
proportion of blood may be lost with safety. 















THE CHEMICAL PATHOLOGY OF PYLORIC 
OCCLUSION IN RELATION TO TETANY 


A STUDY OF THE CHLORID, CARBON DIOXID AND UREA CONCEN- 








TRATIONS IN THE BLOOD * 


HENRY A. MURRAY, JR. M.D. 


NEW YORK 


Gastric tetany, that form of nerve hyperirritability associated with 
vomiting, dilatation of the stomach and pyloric occlusion, has interested 
and puzzled physicians for years. The condition is included in the realm 
of surgery, since it is usually the result of a gross lesion near the 
pylorus, and, consequently, its cure depends on operative measures. 
The clinical literature on the subject has established no definite etiology 
and the various theories proposed to explain the relationship between 
the disturbance of gastric physiology and tetany have been unconvincing. 

In this paper are recorded the clinical histories and blood analyses 
of seven cases of obstruction at or near the pylorus, with a summary of 
the results of some experimental work on dogs. The facts to be pre- 
sented support the theory that directs attention to the loss of hydro- 
chloric acid from the stomach as the cause of critical changes in the 
composition and physiochemical properties of the blood. Thus is 
altered profoundly the “milieu interieure’—the disturbance of whose 
regulated balance produces such profound changes in the dynamics of 
protoplasm. In this case, the tissue most conspicuously affected is that 
of the peripheral nervous system, which shows a progressive increase in 
irritability. The outward manifestation of this hyperirritability is the 
clinical condition known as tetany. As other cells of the body are 
similarly exposed to the disequilibrated blood, there are probably further 
significant derangements, the nature of which is still a matter of con- 
jecture. These may overshadow in critical importance the nervous 
condition, and might, if known, be more justly held accountable for the 
frequently fatal outcome. 


HISTORY 


Kussmaul,! who seems to have been one of the first to differentiate 
and describe gastric tetany, once believed it to be the result of tissue 
desiccation. Bouveret and Devie,? and later Mayo-Robson,’ suggested 
that the absorption of stagnant stomach contents produced the carpo- 
pedal spasms. Germain-Sée * favored the idea that the somatic nervous 


*From the Presbyterian Hospital and the laboratories of the Depart- 
ment of Surgery, College of Physicians and Surgeons, Columbia University. 
1. Kussmaul, A.: Deutsch. Arch. f. klin. Med. 6, 1869. 
2. Bouveret and Devie: Rev. de méd. 12:48, 1892. 
3. Mayo-Robson, A. W.: Lancet 2:1392, 1898. 
4. Germain Sée, quoted by Mayo-Robson and Moynihan (Footnote 5). 
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disturbance was a reflex arising from a dilated and hyperirritable 
stomach. 

In many cases there is undoubtedly considerable dehydration, as 
evidenced by thirst, oliguria, loss of tissue turgor, dry tongue and 
increased proportion of cellular elements in the blood ; but that desicca- 
tion is not the cause of the tetany is shown by the fact that experimental 
tetany develops after pyloric occlusion, in the absence of any apparent 
thirst and without a change in the normal ratio of cells to plasma. The 
fluid balance is easily maintained by introducing water into the duode- 
num, i. e., below the obstruction. 

As regards autointoxication, one receives a contrary impression in 
reviewing clinical case histories, namely, that the emptying of the stom- 
ach either through persistent vomiting or by frequent gastric lavage is 
a significant factor in the production of tetany. MacCallum found that 
tetany could be rapidly initiated after experimental pyloric occlusion 
in dogs by frequent washings, and in our experiments the most marked 
example of tetany developed in a dog whose stomach was thoroughly 
lavaged two or three times a day. In the face of this evidence, it does 
not seem that the absorption of stagnating stomach contents could be 
the cause of tetany, since the latter condition developed when there was 
no stagnation. In fact, it would seem that the expulsion of stomach 
contents rather than their introception precipitated the seizures. More- 
over, there is normally little absorption from the stomach. In many of 
the cases in human beings little food was taken, and in all cases of 
dogs, no food was taken; so that the absorption of products from the 
fermentation and putrefaction of exogenous substances can be elim- 
inated as a factor. Mayo-Robson’s autointoxication theory is possible 
only on the assumption of vascular absorption of poisonous products 
from a stomach wall showing no signs of a gross or microscopic patho- 
logic condition, the inner lining of which is being regularly irrigated. 
The reflex theory has no direct experimental evidence to substantiate it 
and seems to have few advocates among modern surgeons. 

These views were presented at a time when experimental methods 
of a certain type were crude and speculation was rife. It seems hardly 
necessary at present to subject them to more detailed and analytic 
scrutiny.° 


5. I have been unable to find any recent or comprehensive accounts of gastric 
tetany. For a short general description of the symptoms, course and treat- 
ment, the reader is referred to Mayo-Robson and Moynihan (Surgical 
Treatment of Diseases of the Stomach, Ed. 2, New York, 1904, p. 408); for a 
bibliography and a discussion of the experimental work and the theories of 
etiology to Trevelyan, E. F.: Lancet 2:79, 1898; Halliburton, W. D., and 
McKendrick, J. S.: Brit. M. J. 1:1607, 1901, and McKendrick, J. S.: Scot. M. 
& S. J. 21:253, 1907; and for clinical reports to Cunningham, J. H. Ann. Surg. 
39:527, 1904; Brown, J. Y., and Engelbach, W.: Am.. J. Obst. 58:970, 1908, 
and Rodman, W. L.: Gastric Tetany, J. A. M. A. 62:590 (Feb. 21) 1914. 
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EXPERIMENTAL WORK AND THEORETICAL CONSIDERATIONS 


The original impetus to the study of tetany from the standpoint 
of the acid-base equilibrium was given by Wilson and his co-workers,® 
who investigated the form which follows parathyroidectomy. Mac- 
Callum‘ first studied chemical changes after pyloric occlusion, and 
discovered that there was a marked rise in the carbon dioxid capacity 
of the blood after this operation. This work, together with the 
investigations of McCann * and some performed in the surgical research 
laboratories of this college,® constitutes the only experimental work 
published on the subject within recent years. There were no important 
disagreements in data. The results indicated that, after pyloric occlusion 
in dogs, there was a rapid and marked increase in the carbon dioxid 
capacity, and a significant fall in the concentration of chlorids in the 
plasma. The calcium and the sodium content of the blood was not 
thoroughly investigated, but the few tests made seemed to show a 
slight rise in calcium and a fall in sodium. Some support for the high 
calcium values has been presented in a recent clinical report by Grant,” 
and for the subnormal sodium figures by the analyses of Tisdall.™ 
A definite rise in sulphur and phosphorus was found. In our series of 
experiments, there was a moderate increase in py as measured electro- 
metrically in three out of four dogs, a change which was considered 
too small to account for the nervous hyperirritability. 

With the above mentioned findings at hand, we were inclined to 
believe that the increased irritability was the result of a disturbance 
in the relative concentration of anions, i. e., decrease of chlorid, and 
increase in carbonate, phosphate and sulphate ions, rather than a change 
in hydrogen concentration. The effect of anions of different valences 
on the colloidal state has been studied by biochemists, and was found 
significant in numerous instances. MacCallum called attention to the 
low chlorid concentration as a possible etiologic factor when he found 
that sodium chlorid was more effective than hydrogen chlorid in pre- 
venting canine gastric tetany. Collip,’* and later Tisdall,’! emphasized 
the effect of an increased concentration of ~ HCO, ions, and Green- 


6. Wilson, D. W.; Stearns, T., and Janney, J. H.: J. Biol. Chem. 21: 169, 
1915. Wilson, D. W.; Stearns, T., and Thurlow, M. deG.: J. Biol. Chem. 23:89, 
1915. 

7. MacCallum, W. G.; Lintz, J.; Vermilye, H. N.; Leggett, T., and Boas, 
E.: Bull. Johns Hopkins Hosp. 31:1 (Jan.) 1920. 

8. McCann, W. S.: J. Biol. Chem. 35:553 (Sept.) 1918. 

9. Hastings, A. B.; Murray, C. D., and Murray, H. A., Jr.: Biol. Chem. 
46:223 (March) 1921. 

10. Grant, S. B.: Tetany, Arch. Int. Med. 30:355 (Sept.) 1922. 
11. Tisdall, F. F.: J. Biol. Chem. 54:35 (Sept.) 1922. 
12. Collip, J. B.: Am. J. Physio:. 52:483 (July) 1920. 
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wald,'* in a summary of existing hypotheses, stressed the anion equi- 
librium to which he assigned a control over the permeability of the 
nerve sheath to the cations. 

More definite and applicable data is available dealing with cations, 
particularly the effect of changes in the sodium: calcium ratio on the 
irritability of nerves.‘* The increase of the ratio, i. e., the relative 
increase in the concentration of the sodium was found to increase the 
irritability of nerve tissue; whereas, the addition of calcium would 
depress it. The importance of this ratio, or, more generally, the 
monovalent cation: divalent cation ratio, was affirmed by Fiihner,’* and 
later reemphasized.1* This view seems to be supported by the studies 
of tetany following parathyroidectomy,’’ and of idiopathic infantile 
tetany,’® and by experimental infusions of sodium salts in dogs,’® the 
injection of calcium precipitants ?° and the results of too vigorous saline 
or bicarbonate therapy in human beings,?' intravenously ** or by 
rectum.”* 

But it is evident that, by the injection of sodium bicarbonate and 
sodium phosphate, salts that have been used most frequently in experi- 
ments, not only is the sodium increased and calcium decreased, more 
than can be accounted for in the blood by mere dilution, but also there 
are added alkaline factors which may be sufficient to increase the py 


13. Greenwald, I.: Proc. Soc. Exper. Biol. & Med. 18:228, 1921. 

14. Mines, G. R.: J. Physiol. 37:408, 1908. Keith-Lucas; J. Physiol. 40:225, 
1910. Loeb, Jacques.: J. Biol. Chem. 23:423, 1915. Loeb, Jacques, and Ewald, 
W. F.: J. Biol. Chem. 25:377 (July) 1916. 

15. Fiihner, H.: Arch. f. exper. Path. u. Pharmakol. 58:1, 1907-1908 

16. Hastings, A. B., and Murray, H. A., Jr.: J. Biol. Chem. 46:233 (March) 
1921. Kramer, B.; Tisdall, F. F., and Howland, J.: Infantile Tetany, Am. J. 
Dis. Child. 22:431 (Nov.) 1921. Gross, E. G., and Underhill, F. P.: J. Biol. 
Chem. 54:105 (Sept.) 1922. 

17. MacCallum, W. G., and Voegtlin, C.: J. Exper. Med. 11:118, 1909. 

18. Howland, J., and Marriott, W. McK.: Quart. J. Med. 11:289 (July) 
1918. Jacobowitz, S.: Jahrb. f. Kinderh. 92:256, 1920. Brown, Alan; Mac- 
Lachlan, I. F., and Simpson, R.: Effect of Intravenous Injections of Calcium in 
Tetany and Influence of Cod Liver Oil and Phosphorus in Retention of Cal- 
cium in Blood, Am. J. Dis. Child. 19:413 (June) 1920. 

19. Miinzer, E.: Arch. Exper. Path. u. Pharmakol. 41:74, 1898. Binger, 
C.: J. Pharm. & Exper. Therap. 10:105 (Aug.) 1917. Greenwald, I.: J. Pharm. 
& Exper. Therap. 7:57, 1915; 11:281 (May) 1918. Starkenstein, E.: Biochem. 
Ztschr. 32:243, 1911; Arch. f. Exper. Path. u. Pharmakol. 77:45, 1914. 

20. Starkenstein, E. : Footnote 19, fourth -reference. 

21. Grant, S. B.: Footnote 10. Tileston, W., quoted by Palmer, W. W., and 
Van Slyke, D. D.: J. Biol. Chem. 32:499 (Dec.) 1917. 

22. Harrop, G. A., Jr.: Bull. Johns Hopkins Hosp. 30:62 (March) 1919. 

23. Healy, W. P.: Am. J. Obst. & Gynec. 2:164 (Aug.) 1921. Campbell, 
O. H.: A Peculiar Case of Common Salt Poisoning, J. A. M. A. 59:1290 
(Oct. 5) 1912. 
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of the blood and thus affect nerve irritability. There is evidence to 
show that nervous irritability is a function of the hydrion concentration 
and that increasing the py may cause tetany. The most substantial 
proof is afforded by the valuable studies of Grant and Goldman,** who 
showed that tetany could be produced experimentally in man by forced 
breathing. The disturbance in the acid-base equilibrium which was 
probably responsible for the neuromuscular irritability was evidently 
caused by the rapid expirations by which carbon dioxid was thrown 
off. This diminished the carbonic acid in the plasma and disturbed 
the usual ratio of free carbon dioxid : combined carbon dioxid on which 
the hydrogen-ion concentration of the blood depends. The changes noted 
as a result of hyperpnea were an increase in py, a fall in plasma and 
alveolar carbon dioxid, and a cloudy alkaline urine, with a decrease in 
ammonia and titratable acid. Some of these results confirm earlier 
investigations.*® 

We have laid emphasis heretofore on ionic equilibrium other than 
the hydrogen ion: hydroxid ion ratio, because, in the instance of para- 
thyroid tetany, the concentration of calcium was markedly decreased, 
whereas, the acid-base equilibrium, as determined by hydrogen-ion 
potentiometer readings and by estimations of the plasma content and 
capacity of carbon dioxid, was not essentially disturbed ; 7° and because, 
in gastric tetany, the normal relationship of anions was deranged, and 
the noted rise in py we erroneously believed to be insignificant. The 
findings in parathyroidectomized dogs need reinvestigation. MacCallum’ 
and Togawa** got results very similar to our carbon dioxid values ; 
whereas McCann * found a high carbon dioxid capacity after operation, 
and Howland and Marriott,** using the rather inaccurate dialysis- 
indicator method, corroborated our py findings, but Wilson’s ?® con- 
clusions were at variance. Wilson developed the alkalosis theory after 
measuring the equilibrium constant of oxyhemoglobin (i. e., Barcroft’s 
K, the index of the oxygen capacity of hemoglobin solutions and a func- 
tion of the hydrogen-ion concentration *°). It was found that after 
parathyroidectomy, the value of K rose. Wilson’s results seemed to 
be fairly consistent, but the possibility was not ruled out that the marked 
disturbance of electrolytes which has been shown to occur after para- 


24. Grant, S. B., and Goldman, A.: Am. J. Physiol. 52:209 (June) 1920. 

25. Davies, H. W.; Haldane, J. B. S., and Kennaway, E. L.: J. Physiol. 
54:32 (Aug. 19) 1920. Leathes, J. B.: Brit. M. J. 2:165 (Aug. 9) 1919. Collip, 
J. B., and Backus, P. L.: Am. J. Physiol. 51:568, 1920. 

26. Hastings, A. B., and Murray, H. A., Jr.: Footnote 16, first reference. 

27. Togawa, T.: J. Lab. & Clin. Med. 5:299 (Feb.) 1920. 

28. Howland, J., and Marriott, W. McK.: Footnote 18, first reference. 
Cushny, R.: J. Physiol. 391 (May) 1920. 

29. Wilson, D. W.: Footnote 6, second reference. 
30. Barcroft, J.: The Respiratory Function of the Blood, Cambridge, 1914. 
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thyroidectomy might account for the increased K. It is known that the 
salt concentration influences the affinity of hemoglobin for oxygen.** 

There is another line of thought which harmonizes the two latter 
views outlined above. As the concentration of free cations, which is 
the result of the dissociation of the various electrolytes and _ salt- 
protein compounds in the blood, has been found in simpler colloidal 
systems to be a function of the hydrogen-ion concentration, the hypo- 
thesis states that a shift in py of the plasma may disturb the sodium: 
calcium ratio. This theory was suggested by Collip ** in 1920, but 
without proof. It is known that lowering the py tends to release basic 
ions from combination with amphoteric substances such as proteins.** 
This phenomenon is turned to account in quantitative methods of 
analysis for calcium and sodium in the plasma. The blood is strongly 
acidified when the proteins are precipitated, so that the ions will be 
freed and appear in the clear filtrate. As regards dialysis, calcium ions 
seem to be different from others (sodium, potassium, etc.) in the blood, 
as there is a certain fraction which will not pass out of collodion sacs 
immersed in distilled water, and is always found in the residue, possibly 
inseparably linked with protein.** In 1913, Rona and Takahashi ** 
presented evidence on the basis of dialysis experiments with serum to 
show that increasing the hydrogen-ion concentration would augment 
the percentage of calcium ions in the dialysate. They insisted on the 
constancy of the equation [Ca] = for blood serum. This view 
was reaffirmed by Brinkman,** and apparently substantiated by the work 
of Freudenberg and Gyorgy,** who were led to believe that a rise in pu 
is accompanied by the abstraction of calcium ions by serum proteins, 
their concentration being thus diminished in the fluid surrounding 
living tissue. As no determinations of the comparative degree of sodium 
abstraction were made, nothing can be said about the sodium : calcium 
ratio. A question to be solved is: Does an increase in py cause proteins 
to combine with calcium to a proportionately greater degree than with 
sodium? 

The concentration of active, i. e., free, dissociated ions in a complex 
system such as the blood can be determined only by direct measure- 
ments. An accurate value for the sodium : calcium ratio in any given 


31. Adolph, E. F., and Ferry, R. M.: J. Biol. Chem. 47:547 (Aug.) 1921. 

32. Collip, J. B.: Canad. Med. J. 10:935 (Oct.) 1920. 

33. Loeb, Jacques: Proteins and the Theory of Colloidal Behavior, New 
York, McGraw-Hill Book Company, 1922. 

34. Rona, P., and Takahashi, D.: Biochem. Ztschr. 31:336, 1911. Meysen- 
berg, L. von; Pappenheimer, A. M.; Zucker, T. F.. and Murray, M.: J. Biol. 
Chem. 47:529 (Aug.) 1921. Cushny, A. R.: J. Physiol. 53:391 (May) 1920. 
35. Rona, P., and Takahashi, D.: Biochem. Ztschr. 49:370, 1913. 
36. Brinkman, R.: Biochem. Ztschr. 95:101, 1919. 

37. Freudenberg, E., and Gyérgy, P.: Jahrb. f. Kinderh. 96:5, 1921. 
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case can be obtained in no other way. An electrometric method of 
measurement, similar in principle to that used for hydrogen determina- 
tions, which makes use of sodium and calcium amalgam electrodes has 
recently been introduced by Newhausen and Marshall.** These investi- 
gators found that sodium ions and chlorid ions are present in the serum 
in approximately the same state of dissociation and activity as they are 
in a simple aqueous solution of sodium chlorid and that when the 
pressure of carbon dioxid is varied from 0 to 44 mm. of mercury, the 
concentration of free sodium ions rises from 1 to 2 per cent. at most. 
This result was interpreted by Neuhausen and Marshall to mean <hat 
the amount of sodium normally bound to protein, and freed, by 
increasing the acidity of the medium, is minimal. Determinations of 
calcium ion activity were less satisfactory, owing to difficulty with a 
very reactive amalgam electrode; but the results indicated that only 
about 10 per cent. of the calcium in serum is dissociated. 

These conclusions seem to confirm the work of the German phy- 
siologists. However, there are these serious objections to accepting their 
conclusions: 1. The formula on which their theoretical considerations 
are based, namely, [Ca] =thtor is only true for a saturated solution 
of calcium carbonate, and therefore probably cannot be applied to 
plasma. 2. More recent researches to detect a change of dialysable 
calcium with varying carbon dioxid tensions gave negative results.*® 
3. The assumption that proteins combine more readily with calcium 
than with sodium has no experimental basis. 4. The assertion on which 
the entire theory depends, namely, that increasing base-proteinates 
decreases free calcium ions, is probably incorrect, since proteins ionize 
freely. 

The foregoing paragraphs abstract in bare outline various researches 
which are relevant to the question of the etiology of tetany from the 
standpoint of the relative concentration of various electrolytes and the 
acid-base equilibrium in the blood. The significance of the anions 
(Cl-, HCO,-, HPO,, etc.) of the cations (Ca, Na, K, etc.) and of 
the px has been discussed. Our results and their bearing on the theories 
summarized will be reviewed after presentation of the case histories. 

It is not to be thought that all possible hypotheses to explain this or 
other forms of tetany have been included. There are exhaustive investi- 
gations of experimental parathyroid tetany which point to the accumu- 
lation of large amounts of some toxic compound of nitrogen, believed 
to be methyl guanidin, as a cause, or at least an accompaniment, of 


38. Neuhausen, B. S., and Marshall, E. K.: J. Biol. Chem. 53:365 (Aug.) 
1922. 
39. Meysenberg, L. Von, and others: Footnote 34, second reference. 
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tetany.*° These findings have been verified in a few cases of infantile 
tetany,*? and adult idiopathic tetany.** As no studies have been made 
along these lines in gastric tetany, speculation at this time is idle. How- 
ever, the fact that the injection of methyl guanidin will cause the calcium 
concentration of the blood to fall and tetany to ensue is of interest as 
pointing to a possible relationship between py, calcium activity and 
guanidin metabolism.** 

In our dogs, no convulsions in any way compared to the tetanic 
seizures after parathyroidectomy developed, and there was doubt at 
first that the condition known clinically as gastric tetany had been 
reproduced. It seems to us probable that the shivering, fibrillary twitch- 
ings, muscle spasms and clonic contractions which occurred to a greater 
or less extent in some of the animals on which operation was performed 
represent a condition comparable to tetany in human beings. In the 
first place, there is no evident reason why a convulsion should be 
selected as determinative of whether or not tetany is present in a dog; 
in fact, the spasms of the forelegs and feet which frequently come on 
after pyloric occlusion resemble the carpopedal spasms of human tetany 
more closely than the generalized convulsions seen after parathyroid- 
ectomy. Secondly, MacCallum tested the electrical irritability of the 
nerves after pyloric occlusion and found it markedly increased; par- 
ticularly was the current necessary to produce a contraction with 
cathodal opening much diminished. This has been generally regarded 
as the most reliable test for tetany. Finally, in the cases to be reported, 
the dogs that developed unmistakable clinical tetany showed the same 
blood changes as the dogs that gave the above mentioned signs of 
hyperirritability. 

It is concluded, then, that tetany can be produced in dogs by 
obstructing the pylorus; and that the operation causes certain chemical 
changes in the blood: (1) a rise in the carbon dioxid capacity of the 
plasma; (2) a fall in the chlorid content of whole blood and plasma; 
(3) an increased concentration of phosphorus and sulphur, and (4) a 
slight rise in py. The few blood analyses made for sodium and calcium 
were not decisive or consistent enough to be reported with any 
assurance. 


40. Paton, D. N., and Findlay, L.: Quart. J. Exper. Physiol. 10:203, 1916; 
Brit. M. J. 1:575 (May 5) 1917. 

41. Burns, D., and Sharpe, J. S.: Quart. J. Exper. Physiol. 10:345, 1916. 

42. Findlay, L., and Sharpe, J. S.: Quart. J. Med. 18:433 (July) 1920. Nat- 
trass. F. J., and Sharpe, J. S.: Brit. M. J. 2:238 (Aug. 13) 1921. Koch. W. F.: 
J. Biol. Chem. 12:313, 1912; 15:43, 1913. 

43. Watanabe, C. K.: J. Biol. Chem. 35:553, 1918; 36:531, 1918. 
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In the cases ** studied, interest was centered on the carbon dioxid and 
chlorid concentrations of the blood. Subjects with a carbon dioxid 
tension of 70 per cent. by volume or over, or with a chlorid concentra- 
tion below 5.5 gm. per liter for plasma or 4.3 gm. per liter for whole 
blood, were considered abnormal, and so were included in the group. 
The urea estimations were made routinely at first, but later, when these 
appeared to be invariably high, interest was aroused and, in a few cases, 
the other nitrogen fractions were also determined. The urea, uric acid 
and creatinin of the blood have been shown to be increased in cases of 
acute intestinal obstruction, but no study has been made of these sub- 
stances after pyloric occlusion. Parts of the histories have been omitted 
as inconsequential to the main subject. 


REPORT OF CASES *° 

Case 1.—History.—P. K., aged 71 years, Irish, a retired policeman, admitted, 
Feb. 8, 1922, coemplained of persistent vomiting of from three to four weeks’ 
duration. At first, the vomiting followed taking of food, but later it became 
almost incessant, in small amounts at a time. On three occasions, he had 
abdominal pain localized in the left epigastrium; in each instance, it was dull, 
did not radiate and came on after eating. He was very constipated, the bowels 
moving only after salts were given, and then variably (patient thought about 
six times in the preceding three weeks). The urine had become scanty. The 
patient was always thirsty and at times hungry, but he could retain nothing. 
During the last year, he had lost about 80 pounds (36.3 kg.). Cardiac, respira- 
tory, genito-urinary and nervous histories were essentially negative. 

Examination.—The patient was a dyspneic, cyanotic, emaciated man of dull 
mentality, evidently acutely ill. Loss of subcutaneous fat, emaciation, diminu- 
tion of tissue turgor and signs of dehydration were evident. There was a 
feeble pulse and distant heart sounds. The apex beat was not felt, and the 
borders could not be percussed with surety on account of an overlying hyper- 
resonant lung. The patient had a barrel-shaped chest with prominent flaring 
costal margins, and prolonged expirations indicated emphysema. There were 
rales at both bases. The abdomen was flat. There was no distention and no 
gas. The abdominal wall was quite thick, but a mass seemed to be just palpable 
in the left epigastrium. Carcinoma of the stomach with stenosis of the pylorus 
was diagnosed. 

February 8: The arterial sounds were practically inaudible. The systolic 
pressure seemed to be between 70 and 95. The diastolic pressure was not 
obtained. The plasma carbon dioxid capacity was 68.1 per cent. by volume. The 
vomitus and stool gave positive guaiac reactions for blood. The patient was 
given a glucose infusion (3,000 c.c.). 


44. With one exception, the patients included in this group were treated in 
the surgical wards of the Presbyterian Hospital. I wish to thank Prof. Allen O. 
Whipple for his direction and encouragement. Most of the chemical analyses 
were made by Miss Chudnoff and Miss Kurland in the laboratories of the 
Hospital. Dr. Baumann initiated investigation in several cases and gave much 
practical assistance. 

45. A short summary of the series was read before the Society for Experi- 
mental Biology and Medicine, Proc. Soc. Exper. Biol. & Med. 19:273, 1922. 
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February 9: Blood examination showed: hemoglobin, 95 per cent.; red blood 
count, 6,560,000; white blood count, 23,800; polymorphonuclears, 86 per cent. 
A glucose hypodermoclysis (5,500 c.c.) was given through six needles simul- 
taneously. Roentgen-ray examination of the stomach after a barium sulphate 
meal showed complete obstruction, with no peristaltic waves evident. The 
lesser curvature showed an irregular outline. The pylorus did not fill. 

February 10: The blood pressure was 72 systolic, 34 diastolic. The plasma 
carbon dioxid capacity was 70 per cent. by volume; the whole blood chlorids 
amounted to 4.34 gm. per liter; the nonprotein nitrogen was 1.33 gm. per liter, 
and urea to 1.52 gm. per liter. The Wassermann test was negative with both 
antigens. 

February 13: Since entrance, the patient had been almost semicomatose, 
with a few lucid moments and occasional periods of restlessness and irrational- 
ity. He was incontinent, so it had not been possible to collect urine specimens 
previously. The reaction of the specimen obtained was neutral. There were no 
casts and no albumin. The plasma carbon dioxid capacity was 23.4 per cent. 
by volume. 

During the last three days, the patient was given hypodermoclyses to main- 
tain his fluid intake. Gastric lavage was carried out several times, food and 
barium sulphate ingested three or more days previously being recovered. 
Despite colonic irrigations, enemas and administration of cathartics through 
the stomach tube, complete obstipation persisted. There were no signs of 
intestinal contents in the returns from gastric lavage, and there was no 
abdominal distention, so that it seemed fair to assume that there was a prac- 
tically complete obstruction at the pylorus. 

February 14: The plasma carbon dioxid capacity was 21.2 per cent. by 
volume. The urine was again neutral, showing no casts and no albumin. A 
large abscess, apparently from a tooth, developed in the submaxillary region 
on the left side. Vomiting became incessant. Operation was considered inad- 
visable because of the manifold complications and patient’s poor general condi- 
tion, efforts to improve which had been unavailing; and because it seemed 
almost certain that there was’ present an incurable carcinoma of the stomach. 

February 16: The patient died. Necropsy was refused. 


In this case, although there was no verifying operation or necropsy, 
pyloric obstruction seemed certain, probably due to carcinoma. As in 
the other cases, the carbon dioxid capacity and the concentration of the 
protein metabolites were increased in the blood. The chlorids were a 
little low despite the fact that, the previous day, the patient had received 
over 5 liters of sodium chlorid, subcutaneously. Near the end of the 
illness, the carbon dioxid content changed rather suddenly from a high 
to a low figure, possibly owing to a terminal nephritis with acidosis. 
This sudden reversal of an abnormality in blood reaction was noticed in 
two of our dogs at the approach of death. Owing to the patient’s 
incontinence, frequent tests could not be made of the urine, but the 
two specimens examined were neutral in reaction and were negative for 
albumin and casts. No symptoms of tetany developed. 

Case 2.—History.—M. S., aged 52 years, an American housewife, entered the 


hospital, July 23, 1921, complaining of vomiting continuing over a petiod of four 
months. Up to six months previously the patient said, she had been quite- 
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well. Suddenly one morning, without any apparent cause, she became nauseated 
and vomited her breakfast. She had no more trouble for a month, and then 
suffered a similar attack. There was an accompanying sense of pressure in the 
epigastrium, but no real pain. The patient said that, for the four months 
previous to admission, these periodic attacks of nausea and vomiting had been 
increasing in frequency. She often vomited food which she had eaten twenty- 
four hours previously. For a week before examination, she had vomited every 
day. Vomiting relieved the sense of fulness at first, and later the dull, twisting 
pain which occasionally developed. If she did not eat, she did not suffer. 
The pain, although not severe, became continuous, and she entered the hospital 
in a very weakened condition. She had noticed “bunches in the upper abdomen” 
moving across from left to right. She became more and more constipated. 
There had been a loss of from 20 to 30 pounds (9 to 13.5 kg.) in weight. The 
past history did not have any apparent bearing on the present condition. 
Family and personal histories were irrelevant. 

Examination.—The patient was of poor physique, with evidences of loss 
of flesh. The sclera and cornea of the right eye were scarred, and the patient 
was blind in this eye (old injury). Carious teeth; coated tongue, with fine 
tremor, and easily palpable and tortuous arterial walls were noted. Abdominal 
examination disclosed a narrow costal angle, a sense of a mass near the midline, 
a slow peristaltic wave moving from left to right in the umbilical region, and 
kidneys palpable on both sides. The opinion on entrance was that the patient 
was suffering from chronic ileus, which was probably caused by a malignant 
growth of the colon. Examination of the blood revealed: blood urea, 58 mg. 
per hundred cubic centimeters ; uric acid, 3.1 mg. per hundred cubic centimeters ; 
chlorids, 3.75 gm. per liter and carbon dioxid, 67.1 per cent. by volume. Four 
days later, the blood urea was 54 mg. per hundred cubic centimeters; chlorids 
were 3.5 gm. per liter, and carbon dioxid capacity was 63.6 per cent. by volume. 
The blood Wassermann reaction was +++-+ with both antigens on two 
examinations. The spinal fluid Wassermann reaction was negative. The roent- 
gen-ray examination of the gastro-intestinal tract, six hours after a barium 
sulphate meal, showed a large atonic stomach without evidence of peristalsis. 
The duodenum, which seemed to be fixed, was deflected to the right; twenty- 
four hours after eating, the largest amount of the meal was in the rectum; 
the rest was in the cecum and splenic flexure. Roentgenograms and fluoroscopy 
of the colon after a barium sulphate enema did not reveal any abnormalities. 

August 3: The analysis of a specimen of vomitus revealed free hydrochloric 
acid, 0; total hydrochloric acid, 20 per cent. These figures were confirmed by 
examination of an extracted sample. The patient underwent lavage frequently 
during the period of observation. The urine was always acid and at two out 
of four examinations showed albumin +. The patient received two infusions 
of 3 per cent sodium chlorid solution, after which the blood chlorid concentra- 
tion was 4.2 gm. per liter. The preoperative diagnosis was difficult, the main 
points being (1) age (52 years); (2) a history of four months’ of vomiting 
without any real pain; (3) a loss of from 20 to 30 pounds (9 to 13.5 kg.); 
(4) a four plus Wassermann reaction; (5) hypochloremia, with a slightly 
elevated carbon dioxid; (6) roentgen-ray evidence of gastric dilatation and 
atony with pyloric or duodenal obstruction; (7) marked visible peristalsis, 


which was believed to be in the transverse colon; (8) negative roentgen-ray 
examination of the colon. 


Operation (Dr. St. John).—August 3: Partial enterectomy (jejunum), was 
performed, with end to side anastomosis. When the abdominal cavity was 
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opened, markedly distended and thickened loops of proximal jejunum presented. 
About 8 to 10 feet below the duodenojejunal angle, there was a pronounced 
constriction, caused by dense white scar tissue. Below this constriction, the 
intestines were shrunken and appeared like a flattened ribbon. The constricted 
portion was excised, and an end to side anastomosis was performed. A rubber 
tube was inserted in the distended jejunum above the anastomosis and held 
with a purse string suture. Microscopic examination of the specimen revealed 
irregular masses of atypical glandular cells. Carcinoma of the jejunum was 
diagnosed. 

Course.—Recovery was rapid. 

August 4: The blood chlorids were 5.3 gm. per liter. 

August 5: The blood urea was 82 mg. per hundred cubic centimeters and 
the chlorids were 4.9 gm. per liter. The patient was apathetic and drowsy but 
was easily aroused. She was fed with glucose solution through the jejunal tube. 

August 6: The blood urea was 80 mg., plasma carbon dioxid, 73 per cent. 
by volume, and blood sugar 1.35 gm. per liter. 

August 8: The patient was still stuporous. An enormous discharge occurred 
through the intestinal tube, which was then removed and the abdomen exposed 
to the air under an electric bake. The patient was instructed to keep the skin 
clean with gauze. The blood urea was 37 mg. per hundred cubic centimeters and 
plasma carbon dioxid, 71.1 per cent. by volume. The patient had a mild post- 
operative psychosis. She seemed in a semistupor and spoke only in a whisper, 
with words run together in a monotone. She made unusual grimaces and showed 
the “catatonic” phenomenon; i. e., spastic extremities yielding slowly to pressure 
and remaining as placed. 

August 9: The urine was alkaline and showed a faint trace of albumin. 

August 12: The blood urea was 40 mg. per hundred cubic centimeters, the 
chlorids were 4.8 gm., and the plasma carbon dioxid was 50.4 per cent. by 
volume. The wound was dressed every day, the discharge became gradually 
less and granulations slowly closed the sinus. 

September 10: The blood urea was 31 mg. per hundred cubic centimeters, the 
chlorids were 5.4 gm. per liter and the carbon dioxid was 64.2 per cent. by 
volume. In five out of seven examinations of urine after operation, the reac- 
tion was acid and tests showed albumin twice. 

September 12: The patient was discharged, improved. 

Thirteen months after operation, the patient was seen in the follow-up clinic. 
She looked well and said she had no symptoms. 


The preceding case is an interesting one for a number of reasons, all 
of which are not relevant to the subject matter of this article. From 
a chemical standpoint, it is worthy of note that this case is different 
not only as regards the position of the occlusion—it is the only case of 
the series in which the obstruction was not at the pylorus—but also 
as regards the relative change in bicarbonate and chlorids. It will be 
noted that, although the chlorids were markedly decreased before opera- 
tion, the carbon dioxid was not elevated beyond a high normal. The 
possibility of using this relationship as a point of diagnosis for determin- 
ing the location of the obstruction is worth considering. In other 
words, hypochloremia will be found in all cases of persistent vomiting, 
but alkalosis will be present only when there is a greater amount of 
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acid than of alkali lost; i. e., in case of an obstruction near the pylorus. 
The urine was for the most part acid, and only occasionally gave a 
positive flame test for albumin, but the urea concentration of the blood 
was elevated. It may be significant to note that, in this case as well as 
in others, the urea which was found increased before operation rose 
still higher for a few days after operation, and later descended to 
within normal limits. 


Case 3.—History.—J. S., aged 57 years, an Italian laborer, entered the hos- 
pital, March 23, 1921, with the typical signs and a history of acute appendicitis 
of twenty-one hours’ duration, with pain, tenderness, spasm and a mass in right 
lower quadrant. Vomiting was minimal. 

Operation.—At the emergency operation (appendicectomy with drainage), a 
gangrenous appendix, with localized peritonitis was found. The anesthesia 
was commenced with 0.5 per cent procain, but after the peritoneal cavity was 
opened, gas-oxygen was used. 





Course—The immediate postoperative recovery was satisfactory, but two 
days later the patient developed distention of the stomach. 

March 26: Gastric lavage with warm 5 per cent. sodium bicarbonate solu- 
tion was administered. Later, the patient received 1,000 c.c. of 10 per cent. 
glucose, intravenously. During the next four days, on account of recurring 
dilatation the patient was given lavage seven times. In that time, he also 
received five glucose infusions. Moderate amounts of turbid fluid and much 
gas were recovered at each lavage. At one time, 1% ounces of castor oil was 
introduced through the stomach tube, with the hope of remedying what seemed 
to be a general atony of the entire gastro-intestinal tract. Enemas and colon 
irrigations were employed for the same purpose. The abdominal wound was 
treated with surgical solution of chlorinated soda (Dakin’s solution), accord- 
ing to a modified Rulison technic. Drainage seemed to be adequate. 

April 1: The patient seemed better. There was no distention and no 
vomiting. The last gastric lavage had brought away only clear fluid. Blood 
analysis revealed: plasma carbon dioxid, 86.2 per cent. by volume; urea, 97 
mg. per hundred cubic centimeters; creatinin, 1.8 mg. per hundred cubic centi- 
meters. Slight twitchings were noted in the extremities, but no real carpopedal 
spasms. 

April 2: The following concentrations were determined in the blood: plasma 
carbon dioxid, 82 per cent. by volume; urea, 80 mg. per hundred cubic centi- 
meters; creatinin, 1.89 mg. per hundred cubic centimeters; uric acid, 8 mg.; 
plasma chlorid, 4.6 gm. per liter. The general condition of the patient was 
about the same. There was no longer occasion for gastric lavage. 

April 3: The patient had four bowel movements. He seemed to be much 
better. The wound was healing satisfactorily. 

April 4: Chemical tests showed: plasma carbon dioxid, 82.4 per cent. by 
volume; urea, 110 mg. per hundred cubic centimeters; creatinin, 2.2 mg. per 
hundred cubic centimeters; uric acid, 7.5 mg., and plasma chlorids, 4.5 gm. 
per liter. 

April 5: The concentration of calcium in the plasma was 10 mg. per hundred 
cubic centimeters. 

April 6: The patient did not appear to be so well. He seemed unresponsive, 
tired and sleepy. He complained of anorexia and buzzing in the ears. Blood 
analysis showed; plasma, 76.6 per cent. by volume; urea, 40 mg. per hundred 
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cubic centimeters; uric acid, 2.6 mg., and chlorids, 5.1 gm. per liter. The 
urine diminished in quantity. The urine had been, and still was, consistently 
negative except on one occasion, when albumin and casts were noted. The 
reaction was always acid. The next day the patient felt much better, how- 
ever, and improved rapidly thereafter. 

April 8-9: The nitrogen intake was approximately 9.3 gm., the excretion 
14.42 gm. 

April 13: The phenolsulphonephthalein test showed 35 per cent. in two 
hours. 









April 15: There was an unusually large urinary output. No more signs of 
renal insufficiency developed. 






April 27: The patient was discharged, improved. 








This was a case in which, in the course of convalescence from an 
operation for acute appendicitis, general gastro-intestinal paralysis 
developed. It was most conspicuous in the stomach, which became 
recurrently distended. Lavages were regularly resorted to, with con- 
siderable temporary relief. About one week after operation, chemical 
examination of the blood disclosed that the carbon dioxid, urea and uric 
acid concentrations were increased, and the plasma chlorids were sub- 
normal, but the creatinin content, which is considered by some the most 






















delicate test for pathologic conditions in the kidney, was within the 
usual limits. The patient did not have tetany, but he showed the hemic 
changes, though in a less degree, that occurred in other patients who 
did develop tetany. It is impossible to separate the gastric element and 
the possible effect of the paralytic ileus. We should be inclined to 
include this case in the series because of the high carbon dioxid (86.2 
per cent. by volume), which would be an indication that hydrochloric 
acid had been removed. This is consistent with the idea that there 
exists in gastric dilatation a spasm of the pylorus, with relaxation of 
the body. Thus, the secreted hydrochloric acid, becoming stagnant in 
a dilated stomach instead of passing on into the intestines for reabsorp- 
tion, is finally lost to the body through vomiting or by gastric lavage. 
The interference with the passage of hydrochloric acid limits the usual 
initiating stimulus to pancreatic secretion, and thus the abstraction of 
hydroxyl ions from the blood which otherwise would compensate for 
the hydrogen ions lost. Of course, we cannot feel sure that this view 
is correct. 


Case 4.—History.—T. M., aged 60 years, Irish, a nightwatchman, entered the 
hospital, May 27, 1921, complaining principally of persistent vomiting of one 
month’s duration. He said that ten years previously he began suffering from 
indigestion in the form of epigastric distress after meals, belching and occa- 
sional vomiting. He had always been constipated. For many years, he had 
indulged regularly in alcohol. During the previous year, he had been bothered 
with epigastric pain, which was relieved somewhat by eating. One month ago, 
while on his beat, he suddenly vomited many times after an attack of sudden 
severe epigastric pain. Since that day, he had been unable to retain anything 
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on his stomach. During the last month, he had lost about 50 pounds (22.7 kg.) 
in weight. The family history was of no importance. There was a history of 
headaches, dizziness with fainting, failing eyesight and precordial pain. The 
patient said that he had a chancre thirty years previously. The urinary history 
was negative. 

Examination.—The patient was a large-framed, corpulent man of florid com- 
plexion. He showed loss of weight, but looked healthy. The arteries were 
tortuous. There was a transmitted systolic murmur at the apex. A slight 
cyanotic tinge of the mucous membranes was evident. The blood presure was 
158 systolic, 74 diastolic. The liver edge could just be felt. Otherwise, the 
abdominal examination was negative. There were no masses and no points of 
special tenderness. Ulcer of the stomach with stenosis of the pylorus was 
diagnosed. Roentgen-ray examination, six hours after the ingestion of barium 
sulphate, showed that none of the meal had passed through the pylorus; but 
the twenty-four hour plate showed that the stomach was empty. The Wasser- 
mann test was negative with both antigens. The analysis of the gastric con- 
tents showed free hydrochloric acid, 10 per cent., and total acid, 35 per cent. 

May 28: The patient felt quite weak. He said that earlier in the morn- 
ing he had had spasms in his fingers so that he could not straighten them. He 
was given an infusion of physiologic sodium chlorid solution. Before the 
infusion, blood tests showed plasma carbon dioxid capacity, 80.6 per cent by 
volume ; plasma chlorids, 4.7 gm. per liter; plasma phosphates, 5 mg. per hundred 
cubic centimeters; urea, 105 mg. per hundred cubic centimeters. After the infu- 
sion, the tests showed: plasma carbon dioxid capacity, 80.6 per cent. by volume; 
plasma chlorids, 5.09 gm. per liter; plasma phosphates, 4.5 mg. per hundred 
cubic centimeters; urea, 101 mg. per hundred cubic centimeters. The urine was 
acid and showed no albumin and no casts. Gastric lavage was performed 
twice, with the return of large amounts of fluid and food residue. 

May 29: The patient was given a gastric lavage, a hypodermoclysis and an 
infusion of 1.7 per cent. sodium chlorid solution in 10 per cent. glucose. Before 
the infusion, the plasma carbon dioxid was 76.8 per cent. by volume. After 
the infusion, it was 73.0 per cent. by volume. 

Operation—May 30: Exploratory celiotomy, with posterior gastro-enter- 
ostomy was performed by Dr. Whipple. Examination revealed a very large 
indurated mass in the region of the pylorus adherent to the pancreas and the 
portal fissure. It was so tightly adherent that the removal of it was con- 
sidered out of the question because of the patient’s condition and the danger 
to vital structures, particularly the portal vein. There did not appear to be 
any hard glands indicative of carcinoma, and it was thought best to perform 
only a posterior gastro-enterostomy to relieve obstruction. Microscopic exam- 
ination of some involved tissue from near the site of the ulcer showed no 
evidence of new growth. 


Course —After the operation, the patient was very sick and for two weeks 
went downhill steadily. He finally recovered in a dramatic fashion. He was 
treated by daily infusions and hypodermoclyses to maintain normal fluid con- 
tent, and by gastric lavages for distention, vomiting and gastric retention. 

May 31: The plasma carbon dioxid capacity was 59.8 per cent. by volume; 
plasma chlorids amounted to 5.38 gm. per liter; sugar, 1.17 gm. per liter; 
urea, 110 mg. per hundred cubic centimeters. The patient was then given an 
infusion (1,000 c.c.) of 10 per cent. glucose. The blood tests were then repeated, 
showing plasma carbon dioxid capacity, 65.5 per cent. by volume; plasma 
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chlorids, 5.38 gm. per liter; sugar, 6.5 gm. per liter; urea, 109 mg. per hundred 
cubic centimeters. During the next few days, the patient continued to vomit, 
so that oral feeding was impossible. 

June 6: Roentgen-ray and fluoroscopic examinations showed that the 
gastro-enterostomy stoma was open and functioning, and, as the patient’s 
bowels moved regularly, he was often incontinent. It was thought that the 
vomiting could not be explained on the basis of an obstruction. 

June 8: Blood tests showed: plasma carbon dioxid capacity, 40.9 per cent. by 
volume; plasma chlorids, 5.16 gm. per liter; urea, 280 mg. per hundred cubic 
centimeters ; uric acid, 14.5 mg. per hundred cubic centimeters ; creatinin, 3.8 mg. 
per hundred cubic centimeters. 

June 9: Phenolsulphonephthalein excretion was 22 per cent. in two hours. 

June 11: The plasma carbon dioxid capacity was 44.7 per cent. by volume; 
urea, 191 mg. per hundred cubic centimeters; creatinin, 2.8 mg. per hundred 
cubic centimeters. The patient became drowsy and stuporous and at times 
irrational. He was evidently losing ground. Gastric lavages were necessary 
for the retention, hiccuping and recurrent dilatation. 

June 14: The plasma carbon dioxid capacity was 40.9 per cent. by volume; 
urea, 167 mg. per hundred cubic centimeters; creatinin, 1.75 mg. per hundred 
cubic centimeters. The blood pressure was 75 systolic, 50 diastolic, and the 
heart sounds were poor. The patient was then given digitalis in rather large 
doses through the stomach tube. This seemed to be the turning point and in 
two days the man was transformed from a condition of semicoma with dyspnea 
and cyanosis to the convalescent state. Improvement was rapid. 

June 22: The plasma carbon dioxid capacity was 55.1 per cent. by volume; 
urea, 142 mg. per hundred cubic centimeters; uric acid, 2.3 mg. per hundred 
cubic centimeters. 

July 9: The patient was discharged, improved. 


The chief interest in this case was the remarkable rise and the 
gradual fall in the protein metabolites. Nine days after the operation, 
the values for urea, uric acid and creatinin were near a fatal level 


prognostically, with a low carbon dioxid capacity ; two weeks later, the 


concentration figures were normal. Before the operation, the man had 
a mild alkalosis and reported spasms of the fingers, but no signs of 
tetany were demonstrable. 


Case 5.“—History.—J. O. W., aged 28 years, an American, entered, March 3, 
1921, complaining of vomiting of about two months’ duration. He first noticed 
that he had a “sour stomach,” but soon afterward began to have spells of 
vomiting. These were preceded by a feeling of fulness and distress. The 
vomitus was enormous in amount, sour and frothy, and contained undigested 
food. Vomiting increased in frequency, finally occurring once a day. The 
patient also complained of eructations, flatulence and nausea after meals. The 
appetite had been poor, and the bowels constipated. He said he had never had 
pain in the epigastrium. The average weight was 185 pounds (84 kg.). Weight 
on admission was 137 pounds (62 kg.). Nothing relevant was learned from 
the family or personal history. 


46. This case from the medical service of the Johns Hopkins Hospital is 
published with the kind permission of Dr. Longcope. 
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Examination.—The patient was quite thin, and flabbiness of the skin gave 
evidence of loss of weight. The right pupil was larger than the left, the tongue 
was thickly coated and there was pyorrhea. The heart and lungs were nega- 
tive. The abdomen was slightly scaphoid. The liver edge was not felt. There 
was some resistance in the epigastrium. The stomach on percussion seemed 
to be markedly distended. 

March 4: A rice and raisin meal was given the patient in the evening, but 
he vomited 1,200 c.c. early the next morning. The vomitus showed rice and 
raisins. The guaiac test was strongly positive. The blood Wassermann reac- 
tion was negative. In a phenolsulphonephthalein test, after one hour the urine 
(10 c.c.) showed 10 per cent.; after the second hour, the urine (35 c.c.) showed 
37.5 per cent.; total, 47.5 per cent. Roentgen-ray examination of the gastro- 
intestinal tract showed a wedge-shaped filling defect of the pylorus and a cow- 
horn shaped stomach, moderately ptosed. Peristalsis of the dilated stomach was 
very active, but no barium sulphate passed the pylorus, which seemed to be 
obstructed. There was no occult blood in the stool. The blood count showed: 
erythrocytes, 5,840,000; hemoglobin, 115 per cent.; leukocytes, 8,400. The blood 
pressure was 130 systolic and 80 diastolic. The specific gravity of the urine was 
1.045. It was acid, and showed a faint trace of albumin, casts and a large 
amount of acetone. 

March 7: The patient was able to retain very little by mouth. During 
a gastric lavage, he complained of cramps in his arms and feet, and, about 
five minutes later, he had a generalized tetanic convulsion. There was no loss 
of consciousness, and for a period of about five minutes, while the attack lasted, 
he seemed to suffer a great deal. About ten minutes after the convulsion, 
the signs of Trousseau and Chvostek were present. 

March 8: The pu was 7.42. The plasma carbon dioxid capacity was 103 
per cent. by volume. The plasma chlorids amounted to 3.67 gm. per liter. The 
freezing point depression was 0.524 degrees (normal, about 0.54 degrees). The 
protein calculated from the refractive index was 8.9 per cent. and by the 
Kjeldahl method, 8.4 per cent. Other measurements were: specific conductivity, 
96.9 (normal about 120); plasma sugar, 143 mg. per hundred cubic centimeters ; 
nonprotein nitrogen, 82.2 mg. per hundred cubic centimeters; calcium, 10.8 mg. 
per hundred cubic centimeters ; potassium, 20 mg. per hundred cubic centimeters ; 
sodium, 282 mg. per hundred cubic centimeters. The urine contained a large 
amount of acetone. 

Operation—March 11: Pylorectomy with posterior gastro-enterostomy was 
performed. An old pyloric ulcer with a dense band of connective tissue was 
found, causing marked obstruction. The microscopic examination of the speci- 
men showed carcinoma. The patient’s immediate convalescence from operation 
was smooth. He took fluid and food well, and made no complaint. Suddenly, 
March 19, he began to talk irrationally and incessantly; he was disoriented 
as to time and place, and could not recall names of physicians or nurses. 
Later, he had hallucinations and delusions. Temperature, pulse and respirations 
were normal. 

March 22: Plasma carbon dioxid capacity was 58.7 per cent. by volume. 

March 23: The optic disks were a little indistinct and there were several 
fresh hemorrhages on both sides. The blood urea nitrogen was 22.7 mg. per 
hundred cubic centimeters; the nonprotein nitrogen, 55.5 mg. per hundred cubic 
centimeters; and the plasma chlorids amounted to 6.3 gm. per liter. Urinary 
examination showed albumin (a trace) many casts and a few leukocytes. The 
blood pressure was 110 systolic and 70 diastolic. 
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The rest of the patient’s convalescence was marked by the development of 
a psychosis, but in all other respects his condition was excellent, and when dis- 
missed, April 15, he could eat freely of a liberal diet. Six months later word 
was received from the family physician that the patient, had died, presumably 


from carcinomatosis. 


This was a typical case, with definite signs of clinical tetany and 
marked changes in the blood. The one py estimation made was within 
the normal range, but the concentration of carbon dioxid was over 
100 per cent. by volume and the protein catabolites above normal. The 
sodium was low. A particularly interesting finding was the very low 
figure for the specific conductivity of the serum which was about 
20 per cent. subnormal. 


Case 6.—History and Examination.—J. McA., aged 41 years, an Irish laborer, 
entered the hospital, June 23, 1920, with a typical history of acute appendicitis. 
Physical examination showed tenderness, rigidity and a small mass in the 
right lower quadrant. The patient told of ten years of epigastric pain radiating 
through to the back, coming on two hours after meals, relieved by bending 
over and by ingestion of sodium bicarbonate. This was suggestive of a pyloric 
ulcer. The Wassermann test was negative. 

Operation—An emergency operation was performed through a MacBurney 
incision, which revealed a gangrenous appendix and spreading peritonitis. The 
upper abdomen was not explored. The diseased area was drained by two 
rubber tubes. 

Course.—The patient had a stormy convalescence. At first, he had difficulty 
in voiding. 

June 29: He vomited blood. 

July 1: He passed a tarry stool, and vomited more blood. It was believed 
that an ulcer, presumably of the pylorus, had commenced bleeding. The patient’s 
outward condition seemed satisfactory, and the wound was healing rapidly. 
During the first week, the urine was acid and showed a trace of albumin in 
two out of three examinations. 

July 8: A gastric lavage was given, with a return of brown fluid resembling 
old blood. 

July 10: Analysis of the contents after a gastric lavage showed: free 
hydrochloric acid, 16; total acid, 42.0; guaiac test, positive. A blood count 
showed: erythrocytes, 3,346,000; hemoglobin, 65 per cent. 

July 21: The sinus was healed and the patient was considered to have 
recovered from appendicitis. A roentgen-ray and fluoroscopic examination 
after a barium sulphate meal revealed marked retention in the stomach, but 
not a complete obstruction and no duodenal deformity. With a tentative diag- 
nosis of duodenal ulcer, the patient was transferred to the medical division for 
treatment, under a careful dietary regimen. 

July 23: The urine was alkaline to litmus. There was a trace of albumin. 
Analysis of the gastric contents after a serial test meal showed: free hydro- 
chloric acid, 4 to 40; total acid, 14 to 72; guaiac test, positive. A guaiac test 
on a stool was also positive. For the next three days, the patient vomited 
steadily, despite withdrawal of a soft diet. 

July 26: A blood count showed: erythrocytes, 2,920,000; hemoglobin, 50 
per cent. 




















MURRAY—PYLORIC OCCLUSION 185 


July 27: The stool was guaiac positive. The urine was acid and the micro- 
scopic examination revealed albumin and casts. The plasma carbon dioxid 
capacity was over 100 per cent. by volume. 

July 28: The plasma carbon dioxid capacity was 104 per cent. by volume. 
The patient’s condition was poor. He vomited once during the night. He 
seemed lethargic and weak. Breathing was quiet. Marked muscular hyper- 
irritability was noted. Chvostek’s sign was positive on the right side. He 
was thought to be suffering from mild tetany. No definite carpopedal spasm 
was present, and Trousseau’s sign was negative. 

July 29: A transfusion was given. The operation which was to follow 
was cancelled on account of a severe transfusion reaction. The patient became 
much worse. Respirations were slow and irregular; the pulse rapid and of low 
tension. Typical facial spasm and twitchings were noted. In the afternoon, 
he became comatose; the respirations dropped to about seven per minute, and 
the mucous membranes became cyanosed. The plasma carbon dioxid capacity 
was 86 per cent. by volume. An infusion of 900 c.c. of saline, 500 c.c. of 10 
per cent. glucose, 1 c.c. of epinephrin and 12 c.c. of tenth normal hydrochloric 
acid was given. After the infusion, the plasma carbon dioxid was 64 per cent. 
by volume. There seemed to be some slight improvement in the general condi- 
tion, but consciousness did not return. 

July 29: A liter infusion of 10 per cent. glucose, 10 minims of epinephrin, 
and 3 c.c. of tenth normal hydrochloric acid was given. 

July 30: The patient died. Request for necropsy was not granted. 


The diagnosis of duodenal ulcer with pyloric stenosis was almost 
certain in this case. The patient gave a typical history. The roentgen- 
ray examination and the repeated finding of blood in the stool and 
vomitus completed the evidence. Tetany, which finally developed, was 
preceded by the gradually developing signs of pyloric obstruction; 
vomiting was frequent, and numerous gastric lavages were given. At 
the time of the appearance of muscular hyperirritability, facial twitch- 
ings and Chvostek’s sign, on which the diagnosis of tetany was made, 
the plasma carbon dioxid capacity was 104 per cent. by volume. The 
chlorids were not determined. At the end of the illness, when the 
patient was practically comatose, infusions were administered, two of 
which contained minute amounts of hydrochloric acid (i. e., in concen- 
trations of 0.0008 and 0.0003 normal, respectively). Even this infini- 
tismal amount was given with some trepidation, and, of course, the 
dosage was far too small to produce a therapeutic effect. Unfortu- 
nately, the urea concentration of the blood was not tested, but the 
presence of albumin and casts in the urine suggests that, as in the other 
cases, a rise in urea might have been anticipated. It is easy to say now, 
in retrospect, that the temporizing policy adopted was unfortunate, 
when a simple gastro-enterostomy under local anesthesia might have 
prevented the onset of tetany and saved the patient’s life. The decision 
was made difficult at the time by the fact that these fatal symptoms 
of pyloric obstruction were developing during the period of conva- 
lescence from an operation for acute appendicitis with peritonitis ; that 
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severe bleeding from the ulcer had resulted in a secondary anemia, thus 
lowering the patient’s general resistence to any operative procedure, and 
that careful dietary regulation had once been successful and had 
brought him well along the road to recovery at an earlier period of 
his convalescence. 


Case 7.—History.—E. L., aged 62 years, an American housewife, entered the 
hospital as a private patient, February 17, 1922, complaining chiefly of upper 
abdominal pain of five months’ duration. She said that in the beginning the 
pain came on about one-half hour after meals, and usually lasted for about an 
hour. It was relieved by bismuth and bicarbonate of soda, and by lying down. 
It was aggravated by eating. On entrance, the pain had become continuous 
and of a dull burning character. After meals, it often became knife-like. It 
was then rather definitely localizable on the right side of the abdomen at the 
umbilical level. With the pain, there had been some distention and gaseous 
eructations. The patient had been vomiting lately (extent and duration not 
recorded) and had lost about 13 pounds (about 6 kg.) in weight. The patient 
had been remarkably free of symptoms referable to the cardiovascular, respira- 
tory, genito-urinary or nervous system. Her physician reported that the symp- 
toms of pyloric occlusion had been steadily becoming more apparent and that 
gastric lavage had demonstrated some retention. Analysis showed: free hydro- 
chloric acid, 20; total acid, 38. 

Examination.—The patient was a rather thin, nervous, woman, without any 
definite outward signs of disease or evident loss of weight. She had lost all but 
four teeth. The tongue was coated and the pharynx slightly injected, but there 
were no significant abnormalities of the head, neck or chest. In the right upper 
portion of the abdomen, there was a small, hard, freely movable mass about 
6 by 4 cm., which descended with respirations and which was somewhat tender. 
A diagnosis of carcinoma of the stomach with stenosis of the pylorus was made. 
Blood examination showed: hemoglobin, 80 per cent.; erythrocytes, 4,700,000. 
The urine was acid. Tests for albumin, casts and glucose were negative. The 
blood pressure was 130 systolic, 80 diastolic. 

Clinical Course—February 17: Gastric lavage was performed, with a clear 
return only after 6 quarts (liters) had been used. The patient vomited once. 
For the next three days, i. e., up to the day of operation, the patient was given 
lavage once a day, in each case with the return of considerable material having 
the appearance of coffee grounds. 

Operation.—February 21: Exploratory celiotomy and posterior gastro-enter- 
ostomy were performed by Dr. Whipple. Examination showed that the mass 
felt before operation was a large, freely movable carcinoma in the pyloric end 
of the stomach. There was lymphatic extension through the gastrohepatic 
omentum and over the surface of the pancreas. The lymph nodes of both lesser 
and greater curvature were involved, with typical metastatic nodules. Because 
of the extensive ramifications of the growth, a complete removal with pylo- 
rectomy was considered impossible. As a temporary relief for the pyloric 
obstruction, a posterior gastro-enterostomy was performed in the usual manner, 
with a short jejunal loop. The patient stood the operation well. Microscopic 
examination of a piece of tissue from near the head of the pancreas showed 
carcinoma, evidently from the stomach. 

During the three days after operation, the patient received two transfusions, 
a glucose infusion and a saline hypodermoclysis to relieve thirst and evident 
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dehydration. Bleeding into the stomach, which was noticed before operation, 
recurred and marked gastric dilatation ensued, relieved somewhat by lavage, 
which was performed once or twice daily. Despite the large amounts of fluid 
administered, there was oliguria. The urine remained acid, and albumin and 
many hyaline and granular casts were noted. 

February 25: Blood urea amounted to 2.47 gm. per liter, whole blood 
chlorids, 4.00 gm. per liter. The usual gastric lavage was given, and was 
repeated twice the following day. 

February 27: Blood urea amounted to 3.34 gm. per liter; whole blood 
chlorids, 2.51 gm. per liter; total plasma carbon dioxid capacity was 107.6 
per cent. by volume. The patient developed twitchings of the hands and arms, 
which some thought were a manifestation of uremia and others of tetany. She 
became confused and disoriented mentally. The tongue was brown and dry. 
Albumin and casts were plentiful, and once more the urine became scanty. At 
8 p. m., the patient received an infusion of 1 liter of a solution made by mixing 
500 c.c. of tenth normal hydrochloric acid with 500 c.c. of tenth normal sodium 
(physiologic sodium chlorid solution). The blood then showed: plasma carbon 
dioxid capacity, 86.2 per cent. by volume; whole blood chlorids, 3.31 gm. per 
liter. One hour after the infusion, the patient showed unmistakable carpopedal 
spasm. Spontaneously, she assumed the attitude pathognomonic of tetany. The 
nurse said that she had definitely noted the same phenomenon the previous 
night, but it was not observed during the day. Twitchings of the mouth and 
fibrillary contractions of the muscles of the extremities were almost constant. 

February 28, at 1 a. m., the carpopedal spasms were no longer present, but 
continuous fibrillary twitchings very much like those seen in dogs with alkalosis 
were marked. At 9 a. m., the patient died. 


This was a case of carcinoma of the stomach with pyloric obstruc- 
tion in an elderly woman, with a history of vomiting. On the fifth 
day, after a palliative gastro-enterostomy, the blood urea and carbon 
dioxid were inordinately high, and the chlorids very low. The next 
day, tetany developed. Before operation, the kidneys were apparently 
not damaged (i. e., the urine showed no albumin, and no casts; the 
output was satisfactory ; the blood pressure was normal, etc.), but after 
the operation, albumin and casts appeared, the urine became scanty 
and the blood urea was higher than normal. It is of interest to note that 
the urine was always acid despite the very high alkaline reserve in the 
blood. (No cases have been found in the literature with such a high 
figure for the carbon dioxid capacity.) The carbon dioxid was lowered 
and the chlorids were increased by an intravenous injection of 1 liter 
of twentieth-normal hydrochloric acid in a saline solution, with no 
apparent deleterious effects. The number of cubic centimeters of tenth- 
normal (0.365 per cent.) hydrochloric acid solution (x), which must be 
added to neutralize the total excess bicarbonate in the whole circulating 
blood is obtained approximately by the following formula: x=0.15 
CW, where C =the total carbon dioxid in percentage by volume over 
and above the normal (60 per cent. by volume), and W =the weight 
of the patient in pounds. The constant (0.15) was obtained on 
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the assumption that the total blood weight is 8 per cent. of the body 
weight, the specific gravity of the blood, 1.05 per cent. and the bicar- 
bonate content of the blood 95 per cent. of the total carbon dioxid. 
It must be understood that the injection of hydrochloric acid intrave- 
nously cannot be recommended, as we have had insufficient experience 
with its use. It is suggested as a therapeutic agent from theoretical 
considerations. We have never seen any toxic effects in dogs. It 
should be combined with an equal amount of physiologic sodium chlorid 
solution, so that the final concentration of hydrochloric acid is one 
twentieth normal. 

In order that the chemical findings may be more easily reviewed, 
the cases have been summarized and presented in the accompanying 
table. 

In brief, the series consists of seven patients, five of whom had 
obstructions at the pylorus, two from ulcer and three from carcinoma. 
One patient had an annular carcinoma of the jejunum, and another 
suffered from persistent postoperative gastric dilatation, with vomiting. 
All of the patients had an increased plasma carbon dioxid capacity ; all 
but one had hypochloremia, and all of those tested showed an elevation 
in blood urea. The three patients who showed the greatest change in 
bicarbonate content developed spasms. Before further discussion of 
these findings, it might be of interest to take up the results of a few 
experiments with dogs, performed recently. 


RECENT EXPERIMENTAL WORK 

The pylorus was occluded in a number of dogs, and arterial and 
venous blood was examined at intervals before and after operation. In 
some dogs, a duodenal bucket-tube was introduced through the wall of 
the stomach, so that the contents of the stomach could be washed out 
regularly and the secretion analyzed. In three dogs, another tube was 
inserted into the duodenum below the obstruction, so that a high fluid 
intake could be assured.*? 

It was found that after operation there was a rapid rise in the plasma 
bicarbonate, which in the dogs that developed tetany was not com- 
pensated for by an equivalent rise in free carbonic acid, so that a 
decrease in hydrogen-ion concentration resulted according to the 
accepted formula: [H] —242C9) The hydrion was measured by 


y [BHCOs]* 
Cullen’s new colorimetric method for plasma which dispenses with 





dialysis.** Precision in preparing the standard solutions, care in col- 
lecting unobstructed blood under oil and avoiding contact with air are 


47. To Dr. W. E. Swift we are indebted for the suggestion of using these 
two procedures simultaneously. The method proved very satisfactory. 
48. Cullen, G. E.: J. Biol. Chem. 52:501, 1922. 
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essential, but otherwise the technic is short and presents no difficulties. 
The consistency of our results gave us confidence in their accuracy. 
In all the dogs in which there was a marked rise in py, tetany developed, 
and there was no dog with tetany whose py was not definitely increased. 
There was then, in the true sense of the word, an alkalosis. If the 
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Values for BHCOs: and pu in the venous blood of three dogs who developed 
tetany after pyloric occlusion. The numbers refer to days after operation. 
The limits of normality as determined by blood analyses in seven dogs is 
indicated by the parallelogram. 


series was not so small (seven), we might believe that an increased 
pu was invariably present in gastric tetany. It might make clearer the 
effect of pyloric occlusion on the acid-base equilibrium if the results in 
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the three dogs that developed tetany were presented graphically accord- 
ing to the chart constructed by Van Slyke ** to show all possible changes 
in the acid-base balance. The figures for combined carbon dioxid 
(bicarbonate) are plotted as ordinates, the py as abscissas. The paral- 
lelogram in the center includes all values for normal dog’s blood found 
in the seven experiments. 

It will be seen that, very soon after the operation, a compensated, 
and later an uncompensated, state of alkalosis developed. This change 
was associated with a state of tetany. 

Measuring the chlorid content of the gastric secretion, it was found 
that, in each twenty-four hour period, more than enough chlorid was 
secreted, and thus lost to the body, than was necessary to account for 
the decrease in the concentration of this ion in the plasma. 

It was also discovered that the concentration of urea and nonprotein 
nitrogen in the dog’s blood increased after operation. The rise com- 
menced on the second or third day (1. e., later than the change in py), 
and apparently fluctuated independently of the other factors (pu, 
bicarbonate and chlorid). 

In taking electrocardiograms of two dogs, it was found by chance 
that in both cases the electrical resistance of the skin and tissues had 
increased more than threefold after operation. This is of interest in 
connection with the decreased serum conductivity found in Case 5 


we 


COMMENT 

It is clear that experimental results corroborate clinical findings. 
The loss of hydrochloric acid from the body is evidently the primary 
cause of the hemic disorder. In lower intestinal obstruction, there is 
a loss of alkaline juices as well as acid, so that, although the plasma 
chlorid decrement is marked, there is no alkalosis. For instance, in 
the reported case of a chronic jejunal obstruction, there was only a 
slight rise in carbon dioxid, whereas the fall in chlorids was considerable. 
When the obstruction occurs at the pylorus, however, hydrochloric acid, 
for the most part, is expelled. Essentially, this means a loss of hydrogen 
ions and chlorid ions from the blood. Withdrawal of the former frees 
acid radicles (mostly ~ HCO, ions) and of the latter, basic radicles 
(mostly Na*ions). The union of the freed ions (NaHCO,) 
results in an increased value for total carbon dioxid, as obtained by 
the Van Slyke method in the cases described. The rise in plasma 
bicarbonate measured in mols, however, is not equivalent to the fall 
in chlorid, being usually only about one half as great. This fact is 
consistent with the finding that a large fraction of the chlorid in the 
stomach contents is not in the form of hydrochloric acid. The greater 


49. Van Slyke, D. D.: J. Biol. Chem. 48:153 (Sept.) 1921. 
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part of this excess chlorid is probably neutral salt derived from the 
saliva which has become mixed with gastric juice. 

The rise in bicarbonate as explained above is evidently not com- 
pensated for by an equal rise in free carbon dioxid (carbonic acid) ; and 
the ratio carbonic acid : sodium bicarbonate is disturbed, with a result 
that the hydrogen-ion concentration is diminished (rise in py), and the 
blood is consequently more alkaline. 

The significance of the increase in the nitrogen catabolites of the 
blood in pyloric occlusion is problematical. In intestinal obstruction, 
numerous observers °° have found that all the nonprotein nitrogen 
fractions are high, but the reason for this is not certain. Chemical 
uremia has never been reported as an accompaniment of pyloric obstruc- 
tion; but as it occurred to some degree in all our patients, and as it 
was also present in most of the dogs, it would seem that there was a 
definite association of the two. In neither dogs nor human beings was 
there any apparent relationship between the urea concentration and any 
of the other substances analyzed. The rise in urea, it seems, came on 
after the rise in total carbon, dioxid, and in two of the human cases 
continued to increase after operation, despite the fact that the carbon 
dioxid returned to normal. As there is usually no ingestion of nitrogen 
in these cases, the rise in the blood has been taken to indicate either 
an increased protein catabolism in the tissues or a block in the portal 
of elimination. 

Light might be thrown on the problem by comparative estimations of 
the blood urea and the amount excreted in the urine over a given 
period (MacLean index, etc.). From the fact that a rise in py has 
been found to accelerate metabolism in some lower forms of life, the 
hypothesis that alkalosis hastens protein catabolism in pyloric stenosis 
might suggest itself. This question cannot be answered at present. But 
in view of the fact that in our cases the ascent of urea continued for 
sometime after the total carbon dioxid had dropped to normal, the 
second theory, namely, that ingestion of alkali temporarily affects renal 
function, seems more acceptable. A mild nephritis has been thought to 
be present in intestinal obstruction since the experimental studies of 
McQuarrie and Whipple,®** who found that the nitrogen and chlorid 
excretion was impaired and the phenolsulphonephthalein elimination was 
subnormal. In the clinical cases recorded, we have no estimations of 


50. Tileston, Wilder, and Comfort, C. W.: Arch. Int. Med. 14:620 (Oct.) 
1914. Cooke, J. V.; Rodenbaugh, F. H., and Whipple, G. H.: J. Exper. Med. 
23:717 (June) 1916. Lourin, H. W.: Blood Urea Nitrogen in Acute Intestinal 
Obstruction, Arch. Int. Med. 27:620 (May). 1921. 

51. McQuarrie, I., and Whipple, G. H.: ‘J: Exper. Med. 29:397, 421 (April) 
1919, 
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nitrogen metabolism, such as the ratio urea in blood: urea in urine. In 
one case, the phenolsulphonephthalein output was low (20 per cent.). 

There is some evidence that ingestion of alkalis will damage the 
kidneys. Large amounts of alkili by mouth have been found responsible 
for albumin in the urine. Albumin and casts were frequently found in 
our human as well as in our animal cases. This coincides with the 
experience of Mayo-Robson, who calls particular attention to this find- 
ing in gastric tetany. It is possible, therefore, that a rise in bicarbonate 
(or Py) causes a temporary functional nephropathy, and that subse- 
quently, as in nephritis, the concentration of the nitrogen waste products 
in the blood rises. 

It was thought at first that, with a more alkaline blood, less ammonia 
would be formed and excreted in the urine, and that the nitrogen 
thereby released would increase the urea factor. The rise of the urea 
nitrogen and the nonprotein nitrogen proportionately, however, were 
too great to be accounted for simply by a diminution in ammonia produc- 
tion. Nevertheless, we would confidently expect to find the urea : 
ammonia ratio in the urine increased. As has already been mentioned, 
a number of observers have found that, after overventilation, the 
urinary ammonia decreased markedly, but unfortunately these tests have 
not been made in cases of gastric tetany. 

It is to be regretted that a more complete study of the urine was 
not made in our cases. The usual routine observations record the 
fact that it was almost invariably acid to litmus despite the increased 
alkalinity of the blood. Two tests on the urine of dogs with alkalosis 
showed that it was acid to phenol red and alkaline to methyl red; i. e., 
the pu was about 5.8 to 6.4. Palmer and Van Slyke ** noted in bicar- 
bonate feeding experiments that, in disease, the urine did not become 
more alkaline than blood (py 7.4) until a higher plasma carbon dioxid 
had been reached than that of normal controls. In one diabetic, the 
carbon dioxid rose to 104.4 per cent. by volume before the urine became 
alkaline. This is difficult to explain, but is at least in agreement with 
our findings. Marshall ** has recently found that it is practically 
impossible to raise the reaction of urine above py 8 by the ingestion 
of alkali. 

Having settled on the important changes in the blood, namely, a rise 
in py, and total carbon dioxid, a fall in chlorids and an increased 
concentration of the nitrogeneous waste products, it would be satis- 
factory to be able to explain a causative relationship between one or 
more of these factors and the state of tetany. Unfortunately, this 
cannot be done with certainty. 


52. Palmer and Van Slyke: Footenote 21. 
53. Marshall, E. K., Jr.: J. Biol. Chem. 54:3 (March) 1922. 
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The possible effect of chemical uremia on irritability cannot be 
entirely disregarded. Because of its association with terminal coma, 
the accumulation of waste products in the blood has often been regarded 
as depressing to the nervous system. It is striking that in all our cases, 
human and animal, there was invariably an increased concentration of 
urea in the blood when tetany developed. Also a large number of the 
reported cases of tetany following bicarbonate therapy occurred in 
patients with damaged kidneys. In Harrop’s case ** the woman was 
suffering from mercuric chlorid poisoning and developed tetany, with 
carbon dioxid around 80 per cent. by volume. Morse ** reported a 
case of long-standing pyelitis in a child with a high blood urea who 
developed tetany after sodium bicarbonate therapy, even though the 
plasma carbon dioxid was constantly below normal. 

As our results add nothing beyond what has already been proved 
experimentally bearing on the possible relationship between tetany and 
the anion or cation balance, no contribution can be made to this aspect 
of the question. Our clinical and experimental data direct attention 
to the acid-base disturbance as the primary causative factor in gastric 
tetany. Fundamental experiments have shown that the addition of 
alkali heightens irritability,°° possibly by increasing the permeability 
of the nerve sheath; ** the injection of basic carbonates and phosphates 
cause tetany, and in two clinical forms of tetany (that which follows 
overbreathing, and so-called gastric tetany), an increased py is found. 
With this evidence, it seems reasonable to conclude that preponderance 
of base may cause nerve hyperirritability. Whether this action is direct 
or indirect, i. e., acting through an influence exerted upon the sodium: 
calcium ratio, has not been certainly proved. 

It has been pointed out that inferences based upon the work of 
Freudenberg and Gyorgy to the effect that the shift in basic radicles 
from ionized salt compounds to less dissociated protein molecules, with 
rise in Py, involves mostly the calcium ions, and consequently the sodium : 
calcium ratio in the plasma is increased, are probably erroneous. 
Explanations for the effect of py on the sodium: calcium ratio which 
involve peculiar properties of the calcium ion seem more likely, but 
cannot be appropriately discussed at present. 


DIAGNOSIS AND TREATMENT 
With a patient who gives a history of persistent vomiting, par- 
ticularly in large amounts, it is well to determine the plasma carbon 


54. Harrop, G. A., Jr.: Footnote 22, first reference. 

55. Morse, J. L.: New York M. J. 112:965 (Dec. 18) 1920. 
56. McClendon, J. F.: J. Biol. Chem. 28:135 (Dec.). 1916. 
57. Osterhout, W. J. V.: Science 45:97, 1917. 
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dioxid content or capacity. If it is much increased, i. e., over 80 per 
cent. by volume, without a history of alkali therapy, it is an indication 
that there is an obstruction, organic or functional, near the region of 
the pylorus and that the physicochemical balance of the blood is in 
jeopardy. If the carbon dioxid continues to rise, tetany can be pre- 
dicted (in all our cases, the carbon dioxid was over 100 per cent. by 
volume before tetany ensued). But when sodium bicarbonate is rapidly 
injected intravenously, tetany may develop when the carbon dioxid is 
between 80 and 90 per cent. by volume; and at that point, death will 
be imminent unless relief measures are instituted. Mayo-Robson once 
wrote that “it has almost been made a criterion of the disease that it 
should end fatally.” 

In a case of tetany, a differential diagnosis must be made, especially 
between: 1. Hypoparathyroidism, which includes infantile tetany 
(often associated with rickets) and postoperative tetany (the occasional 
sequel of a thyroidectomy). This type is characterized by a low 
calcium content of the blood, and also, we are informed, by the presence 
of methyl guanidin in the blood and urine. 2. Tetany of hyperpnea, a 
condition which is marked by a high py but a low carbon dioxid content. 
This type, which seems frequently to be a manifestation of hysteria, has 
been clearly defined by Goldman,** and should be kept in mind in 
nervous patients. 3. Gastric tetany, which follows occlusion, at or near 
the pylorus and is characterized by a high py, a high carbon dioxid, a 
low chlorid and probably a high urea concentration. 4. Tetany follow- 
ing the intake of alkalis or sodium salts. In this instance, the diagnosis 
is made on the history. The blood, depending on the salt used, may 
show a high py and carbon dioxid content and a low calcium content.*® 
In other words, a diagnosis can be made on purely chemical evidence. 
In fact, some cases can be diagnosed only on this basis. In one case 
reported from the Presbyterian Hospital," the patient developed tetany 
in the course of an attack of sprue. It was found that the carbon 
dioxid content was normal, but the calcium content was definitely sub- 
normal. Another case of sprue that had tetany as a complication had 
both an alkalosis and a low calcium content. At present, such forms 
can be classified chemically only. It is singular to us that tetany does 
not develop more frequently in cases of hypertrophic pyloric stenosis 
of children. Reports of two cases were found, but in both instances, 
soda had been used in the feedings.*! 


58. Goldman, Alfred: Clinical Tetany by Forced Respiration, J. A. M. A. 
78:1193 (April 22) 1922. 

59. Tisdall, F. F.: Footnote 11. Binger, C.: Footnote 19, second reference. 

60. Barach, A. L., and Murray, H. A., Jr.: Tetany in a Case of Sprue, J. A. 
M. A. 74:786 (March 20) 1920. 

61. Townsend, C. W.: Boston M. & S. J. 150:154, 1904. Rice, C. V.: J- 
Oklahoma M. A. 14:238 (Sept.) 1921. 
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For a complete diagnosis, then, the py and carbon dioxid content of 
the unobstructed venous (or preferably the arterial) plasma, and the 
chlorid and the calcium concentrations should be estimated. The blood 
urea is of interest. These findings suggest that the existing textbook 
classifications of tetany, which are based for the most part on its associ- 
ation with other clinical conditions, are confusing and might with benefit 
be revised. 

The treatment of gastric tetany is operative, except in cases of 
pyloric spasm (which might theoretically cause tetany, but of which no 
proven case has been found in the literature). The indication for 
operation, of course, is the obstruction, which must be relieved; and 
the method chosen should be adapted to the pathology in the given 
case, i. e., gastro-enterostomy, pyloroplasty, pylorectomy, etc. As a 
supporting measure, administration of fluids is essential. Patients are 
frequently dehydrated, as little water passes through the pylorus in 
severe cases, and the absorption from’ the gastric mucosa is minimal. 
Granting that the loss of hydrochloric acid is the cause of the condition, 
rational therapy would seem to consist in the replacement of this acid, 
preferably by intravenous injections. Large amounts of acid can be 
given to dogs with safety; and 500 c.c. of tenth-normal hydrochloric 
acid solution plus 500 ¢.c. of 0.15 normal sodium chlorid solution was 
administered to one of our patients without deleterious effects. Although 
from this evidence we are inclined to think that a dilute solution of acid 
in saline solution can be injected with benefit, our experience has been 
too limited to create assurance. MacCallum states that infusions of nor- 
mal saline were efficacious. The addition of a 0.5 per cent. solution of 
calcium chlorid would theoretically be of advantage, but the hemolysing 
power of these solutions will have to be tested before their administra- 
tion is adopted as a therapeutic procedure. The amount of hydrochloric 
acid necessary to neutralize the excess bicarbonate can be roughly 
estimated as outlined in the discussion of Case 7. Calcium chlorid 
must not be injected subcutaneously, since it is irritating to the tissues. 


SUMMARY 
1. Five cases of pyloric stenosis are reviewed. Two other cases 
with somewhat comparable findings are included ; one patient had post- 
operative gastric dilatation; the other, carcinoma of the jejunum with 
stenosis. 
2. With stenosis of the pylorus, hydrochloric acid cannot pass into 
the intestines and be reabsorbed. It is expelled by vomiting or washed 


out by gastric lavage. The result is a disturbance of the acid-base 
balance in the blood and tissues. 


3. The blood findings in our patients were similar to those in dogs 
after experimental pyloric occlusion, namely, an increased carbon dioxid 
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and urea and a diminished chlorid content. The most abnormal values 


found were: carbon dioxid, 107 per cent. by volume; chlorid, 2.5 gm. 


per liter, and urea 334 mg. per hundred cubic centimeters. 


4. In the dog experiments, it was found that the blood was more 
alkaline than normal. 


5. There is almost certainly a relationship between the recorded 
blood changes and the condition of tetany that may develop in severe 
cases. 

6. It is considered that the cases presented, the experiments sum- 
marized and the literature cited make the assumption that nerve irrita- 
bility is increased by a fall in the hydrion concentration of the blood 
or by a rise in the sodium: calcium ratio highly probable. The latter 
may be brought about by adding dissociable sodium compounds or 
precipitating calcium. Whether the hydrogen ion is active because of 
its effect on the cation ratio is still an open question. 

7. The increased electrical resistance found in two dogs and the 
lowered serum conductivity in one patient are very suggestive and needs 
investigation. 

8. The treatment of gastric tetany is operative. As far as we know, 
it is always the result of obstruction of the pylorus, due to gross 
pathologic changes. There are other forms of tetany that are not 
associated with pathologic gastric conditions, from which it must be 
differentiated. This can usually be done by suitable blood analyses. 


CONCLUSION 
Pyloric stenosis, particularly when attended by persistent vomiting, 
is followed by a rise in the total carbon dioxid and a fall in the chlorid 
content of the blood plasma, and later, it seems, by an increase in the 
nitrogen catabolites. 
There appears to be a causative relationship between these findings 
and nerve hyperirritability. 
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The observation of Aristotle’ that the intestine of deer is so fragile 
that a slight blow will cause it to rupture without injuring the skin is 
probably the first record that we have of injuries of the intestine 
following an abdominal contusion. 

However, it was not until the seventeenth century, when the making 
of postmortem dissections first became widely practiced, that traumatic 
intestinal perforation was given its due recognition as an important 
surgical condition. Bonetus? describes the case of a huntsman who 
was dashed violently against a tree by a stag. Later, necropsy dis- 
closed five circular holes in the ileum and cecum, presumably the result 
of violence sustained by the intestine when distended by fluid. 

Morgagni * mentions several cases of ruptured intestine following 
the kick of a horse, or a blow from a stick. He believes the pre- 
disposing cause of the rupture is the fragility of the intestinal wall and 
its distention by fluid at the time of the casualty. His observations on 


the clinical course are quite shrewd, and he warns especially against too 


great optimism in those cases in which the symptoms of abdominal 
distress are slow in making their appearance. 

Many cases of intestinal rupture have been reported since the days 
of Morgagni, and the morn literature on the subject is now extensive. 
This consideration and the fact that the case reports are not equally 
valuable make a detailed review of the literature difficult. For that 
reason only a general discussion of the subject will be attempted here. 

The different types of violence that cause intestinal perforation 
without necessarily penetrating the abdominal wall may be divided into 
(1) direct violence, (2) indirect violence and (3) muscular action. 
The last two types are not common and may be considered more 
advantageously later. The great majority of cases are the the result of 
direct violence, which may be further subdivided into generalized and 
local trauma. 


. Aristole, cited by Morgagni (Epistola 54:140-142). 
. Bonet, Théophile: Medicina septentrionalis collatitia 1:644, 1686. 
. Morgagni: Epistola 54:140-142, 1761. 
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Generalized trauma results from such casualties as a highway acci- 
dent in which the wheel of an automobile passes over a man’s body, a 
fall from a height, violent crushing of the trunk between two colliding 
objects or sudden burial beneath a falling mass of earth. In all such 
accidents, while only the intestine may be injured, it is more likely that 
rupture of other viscera or fractured bones will be associated with it, 
and these lesions may govern the clinical picture. Tearing of the 
mesentery is perhaps the most important accompanying injury. 

The impression is given that in cases of generalized trauma the 
trunk as a whole is affected by the violence and that the intestine favored 
by its mobility and position is only occasionally involved. 

It is quite different in those cases in which local trauma is the cause 
of the trouble. Here the force that is exerted on the anterior abdominal 
wall has a limited area of impact, and, if it is applied at the proper 
point, the intestine will rupture rather readily. Unlike the solid 
abdominal viscera, the intestine lacks the protection of the ribs or 
spine, and is thus more vulnerable. Local trauma may result, above all 
from the kick of a horse, the kick of a man, treading on the body, a 
blow from the fist, a blow with a stick, the impact of a thrown missile, 
running or falling against a sharp corner and the like. The kick 
of a horse causes the largest number by far. Hertle* and Tschis- 
tosserdoff ° assert that one third of all published cases are due to this 
casualty alone. 

The small intestine is the portion most often injured, probably 
because it is most exposed. The jejunum and ileum are about equally 
involved, and the most frequently affected sites are the points of natural 
fixation, namely the duodenal junction and the cecal junction. Coils of 
small intestine enclosed in a hernial sac are also vulnerable, and in a 
large proportion of cases there is a hernia of some sort. The duodenum 
and large intestine are not so often injured, perhaps because they are 
better protected. In a total of 221 cases collected from London hos- 
pitals, Berry * records 177 injuries of the small intestine, twenty-nine 
of the duodenum, and fifteen of the large intestine. Other statistics 
give practically identical results. 

More than 90 per cent. of the cases occur in males, and most of these 
are between the ages of 20 and 50 years, the period of man’s greatest 
activity, and the time when he is most exposed to injury. Women, 
children and the aged form a minority. 

Weakness of the abdominal parietes is very often present. In many 
instances, the lower part of the trunk is thin or the abdominal muscles 
are lax and inefficient, so that they are not able to protect the abdominal 
contents from the applied force. 

4. Hertle, J.: Beitr. z. klin. Chir. 53:257, 1907. 

5. Tschistosserdoff: Beitr. z. klin. Chir. 79:70, 1912. 
6. Berry, J.: Brit. M. J. 2:643 (Oct. 22) 1921. 
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Today three different modes of rupture of the intestine by blunt 
force are recognized. Moty,’ in 1890, was the first to introduce this 
classification. He says: (1) The intestine may be crushed; (2) the 
intestine may be torn, and (3) the intestine may burst because of 
pressure within its lumen. 


1. CRUSHING OR CONTUSION OF THE INTESTINE 

Contusion is caused by a violent compression of the intestine between 
the anterior abdominal wall, which is pushed in by the force, and an 
opposing bony structure, such as the vertebral column or the pelvis. 
The force is usually directed perpendicular to the anterior abdominal 
wall and is necessarily considerable in amount, whether it is generalized 
or local trauma. The coil of intestine is either empty or contains only 
air, and in many cases it shows a fairly accurate impression of the 
contusing surface. Thus, in an accident in which the patient has been 
run over, there may be a complete annular contusion of the intestine 
about the width of the wheel. A characteristic lesion is sometimes seen 
in very violent local trauma, such as the kick of a horse. The coil 
of intestine may show two perforations on its anterior and posterior 
walls at the same level and in direct line with the applied force, so that 
the manner in which the injury was produced is scarcely doubtful. 
These lesions are almost always surrounded by a marked extravasation 
of blood in the intestinal wall, and sometimes they are accompanied by 
contusions of the anterior abdominal wall and the posterior retro- 
peritoneal tissues at the level of the intestinal injury. Perforation of 
the intestine may occur at the time of the violence or may be secondary 
to an ulcerative necrosis following a loss of vitality in the contused 
area.” 

The cases reported below are illustrative of perforation of the 
intestine by contusion. 

REPORT OF CASES 

Case 1.—A white man, aged 28 years, was run over by an automobile truck, 
and died in a few minutes. 

Necropsy (Eight hours later): The body, that of a strongly built man, showed 
no signs of external injury except a few abrasions on the anterior abdominal 
wall. The abdomen was filled with a half gallon of fluid blood, the result of 
huge tears of the mesenteries of the small intestine, sigmoid and the greater 
omentum and a rupture of the liver substance. In addition, the jejunum in the 
region of the mesenteric tear showed an annual contusion (Fig. 1). This case 
illustrates a true crushing injury of the imtestine, in which the jejunum was 
compressed between the wheel of the truck and the vertebral column, while 
traction on the intestine in the direction of its cross axis produced the mesen- 
teric tear. Death was due to the abdominal hemorrhage, while the jejunal 
lesion was merely a by-product of the generalized violence. 


7. Moty, Rev. de chir. 10:878, 1890. 
8. Lexter: Berl. klin. Wchnschr. 48-49: 1233, 1901. 
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Case 2.—A white man, aged 38 years, was in one of the hospitals for two 
weeks with symptoms of delirium tremens following the excessive use of 
alcohol. He was then transferred to another hospital where his struggles 
became so violent that he was placed under restraint. Among other things, 
a broad strap was buckled over his abdomen. Shortly after this, he complained 
of severe abdominal pain and died several hours later. The abdominal pain 
and the other sypmtoms that he exhibited were attributed to his nervous condi- 


tion, and no operation was attempted. 











Fig. 1 (Case 1).—Contusion of small intestine and tearing of mesentery. 











Necropsy: The body was that of a thin, poorly nourished man, showing no 
signs of external injury. Section revealed a peritoneum full of fecal mate- 
rial and gas, a necrotic peritonitis and a gaseous, gangrenous phlegmon of 
the retroperitoneal tissues in the right lumbar fossa. There were two longi- 
tudinal tears, 3 inches in length, in the peritoneal reflexions on either side of 
the ascending colon through which infective material evidently reached the 
abdomen. The cause of the infection and of the right lumbar cellulitis was 
a large triangular perforation of the anterior wall of the duodenum, 1% inches 
in diameter, and situated directly over the vertebral column, at a distance of 
2 inches from the duodenojejunal junction. On the posterior wall of the 
duodenum was a partial perforation, directly behind the lesion on the anterior 
wall, and of almost the same size and shape. The only difference was that the 
mucous membrane and muscle alone were involved on the posterior wall, and 
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the external connective tissue layer was intact. Surrounding these injuries the 
intestinal wall was extensively bruised (Fig. 2). The manner in which the 
injuries were produced is not known certainly, but from the anatomic peculiar- 
ities and the history, it is reasonable to suppose that the restraining strap 
compressed the intestine against the vertebral column during the violent 
struggling. 

Case 3—A white woman, aged 48 years, fell against the edge of a table, 
Sept. 11, 1922, striking her abdomen. She complained of abdominal pain at the 
time; but the injury was not thought to be serious until alarming symptoms of 
abdominal distress developed, September 14. She was sent to a hospital and 

















Fig. 2 (Case 2).—Crushing injury of duodenum with complete perforation 
of anterior wall and partial perforation of posterior wall. 


operated on the same day. A large amount of pus and fecal material was 
found in the abdominal cavity, and a small perforation of the ileum was located 
and sutured. She died several hours after the operation, of general peritonitis. 

Necropsy: The body was that of a rather obese middle-aged woman, with a 
flabby anterior abdominal wall. There was an extravasation of blood, covering 
an area 1% inches in diameter, in the subperitoneal tissue just above the 
umbilicus. The perforation was located in the middle of the ileum and sutured. 
When the stitches were removed it appeared to be a small hole, ovoid in shape, 
three-eighths by one-fourth inch, lying crosswise in the intestine. It was located 
opposite the insertion of the mesentery, and the intestine around the perforation 
was extensively bruised (Fig. 3). The lesion was almost certainly a contusion; 
but it is impossible to say whether the perforation occurred at the time of the 
injury or was a secondary erosion following a subsequent loss of vitality in 
the injured intestinal wall. 
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2. TEARING OF THE INTESTINE 


The intestine and its mesentery may be torn in those cases in which 
traction is made on the intestine, in some way, during the course of the 
violence. If the pull is exerted in the cross axis of the intestine and 
against the root of the mesentery, the mesentery will be torn first and 
the intestine may or may not suffer. Figure 1 is a good illustration 














Fig. 3 (Case 3).—Contusion of ileum with perforation. 


of this lesion. However, if the traction pulls on the intestine in the 
direction of its long axis, then the bowel itself will tear at the start, 
and the mesentery may be involved only when the tear is complete. 
It is evident that the kind of force that exerts traction must be a 
reasonably violent one, and that it must act on the abdomen at a tan- 
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gent. It must be capable of compressing the abdominal wall enough to 
secure a purchase on the intestinal coil, and its further action must 
exert a strong pull on the intestine. A highway accident in which the 
automobile wheel grinds the trunk is a splendid example of this variety 
of generalized violence, while the violent kick of a horse which strikes 
the abdomen obliquely illustrates tangential local trauma. 

Tearing is most likely to occur at points where the intestine is 
naturally fixed, such as the duodenojejunal junction or the ileocolic 
junction, or where it is unnaturally fixed, as by adhesions. The reason 
for this is fairly obvious. Most tears are inflicted by direct violence, 
but a few cases have been described in which the cause was indirect 
violence; that is, the force was not applied directly to the intestine 
itself. A person may fall from a height, landing heavily on his feet 
or buttocks, with the trunk in an upright position, in such a way that 
the sudden stop causes the small intestine, by its very weight, to jerk 
violently against the duodenojejunal junction, and so cause tearing at 
this point.® 


In the following cases, the intestine was torn by direct violence. 


Case 4.—A white man, aged 39, while crossing a street was struck by a 
street car. The exact modus operandi of the accident could not be learned. 
He was immediately taken to the hospital in an ambulance, after the ambulance 
surgeon had given him a dose of morphin. Examination when the patient 
entered the ward revealed a few bruises and cuts on the left side of the face 
and a compound fracture of the left tibia and fibula. No abdominal signs and 
symptoms were present at that time, and his condition seemed to be fairly good 
on the whole. Seventeen hours later, he was decidedly worse. Upper abdominal 
pain and rigidity, shallow rapid respirations and profuse sweating had developed. 
The extremities were cold. A laparotomy was then performed, which disclosed 
the abdominal cavity full of intestinal contents, and a transverse tear of the 
jejunum. As the patient’s condition was poor, a quick jejunostomy was per- 
formed by stitching the torn portion of the intestine to the edges of a surgical 
stab wound of the upper abdomen. He died a few hours later, thirty hours 
after the accident. 

Necropsy: The body was that of a well developed man in whom the different 
injuries and operations already described were visible externally. In‘the abdo- 
men there was an almost complete tear of the jejunum, placed 18 inches from 
the duodeno-jejunal junction and involving about three fourths of the circum- 
ference of the intestine. There was much contusion surrounding the edges of 
this wound. Neither the mesentery nor any other abdominal organ showed 
signs of being injured. Death was due to the generalized suppurative peritonitis 
which followed the leakage of intestinal contents (Fig. 4). 


Case 5.—A white man, aged 57, was run over by a motor truck in the street. 
He entered the hospital unconscious and very evidently alcoholic. He regained 
consciousness about seven hours afterward, but had no recollection of the cir- 
cumstances of the casualty. His condition at that time did not appear to be 
especially serious, so operation was not considered. He died about two hours 
later. 





9. John, K.: Viertelsjahrschr. f. gericht. Med. 61-62:276, 1921. 
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Necropsy: The body was that of a middle-aged man, short and slight of 
frame. There were a few lacerations about the face. The ribs on the left side 
from the third to the ninth were fractured, and the apex of the lower lobe of the 
left lung was slightly torn, seemingly a lesion of no great importance. The 
abdominal wall showed no signs of injury, but the abdominal cavity contained 
more than a quart of dark red fluid blood. The hemorrhage was due to a number 














Fig. 4 (Case 4).—Partial tear of jejunum. 


of intestinal and mesenteric injuries: a 4 inch hole in the middle of the greater 
omentum; a partial tear across the duodenum, 3 inches from the jejunum, and 
finally a complete tear of the jejunum, 3 feet from its upper end. The latter 
was transverse, involving not only the intestine but also its mesentery, into 
which it extended for a distance of 3 inches. There was considerable con- 
tusion in the adjacent tissues. The circular muscle of the torn ends of the 
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intestine were markedly contracted and gripped the mucous membrane so 
tightly that there was no leakage of intestinal contents into the abdominal 
cavity (Fig. 5). 

Case 6.—A white man, aged 29, was struck by a motor truck. He was taken 
to a hospital, where he apparently showed signs that justified a laparotomy. 
This was performed soon after admission and a tear in the jejunum was 
sutured. He died, however, of peritonitis several hours afterward. 

Necropsy: The body was that of a strongly built man, with numerous abra- 
sions over the shoulders and hips, a simple fracture of the left tibia and fibula 
and a contusion on the anterior abdominal wall. The jejunum had been torn 
across, 1% feet from the duodenum, and had been resected. There was quite a 














Fig. 5 (Case 5).—Complete tear of jejunum, with tear of mesentery. 


large contusion in the mesentery, just below this tear in the intestine. None 
of the abdominal viscera were injured. Death was due to a generalized 
suppurative peritonitis. 


EXPLOSIVE OR BURSTING RUPTURES OF THE INTESTINE DUE TO A 
SUDDEN RISE OF PRESSURE IN THE LUMEN OF THE INTESTINE 
The mechanism of a bursting rupture of the intestine is not so well 
understood as is the production of the lesions resulting from crushing 
and tearing, and so, much has been written about how the intestine can 
burst and how often it actually does burst. 
All agree that the pressure inside the lumen of the intestine must 
increase beyond the limit of elasticity of the intestinal wall before the 
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bursting can occur, but there is much disagreement as to the manner in 
which this increase in intestinal pressure can be produced. The older 
writers, Bonetus and Morgagni, beyond noting the fact that an intestine 
filled with fluid is more liable to rupture than one that is empty or that 
merely contains air, offered no explanation of the phenomenon. Moty * 
was practically the first to suggest a plausible modus operandi. 

He asserts that the violence in some way compresses a coil of 
intestine against the posterior abdominal wall so that its contents 
cannot escape, and consequently makes a rise of the intra-intestinal 
pressure, in that particular segment, inevitable. Explosion will occur 
at the moment, the bursting force inside the coil overcoming the resist- 
ance of the intestinal wall. Sauerbruch '® also endorses this view, and 
elaborates upon it, describing several ways in which the violence can 
imprison the contents of a coil and cause it to explode. 

As Haim" pointed out, the theory of Moty and Sauerbruch will 
explain the course of events in all instances in which the violence 
directly compresses the intestine, but it fails to satisfy in those. cases 
caused by indirect violence or muscular action, where direct action on 
the intestine is obviously impossible. 

An example of explosion by indirect violence is seen when a person 
falls on his abdomen on a flat surface. Rupture by muscular action 
occurs when a man strains in lifting a heavy object, such as a barrel.'* 
In both types of casualty, according to Haim," the abdominal cavity 
is suddenly contracted, which necessarily causes a general rise of intra- 
intestinal pressure in an intestine distended with fluid. One or many 
explosions are liable to occur at the weak points of the intestinal wall, 
especially in or near hernial sacs, which are quite vulnerable because the 
sac coverings offer inefficient resistance to the sudden rise of internal 
pressure. Haim’s theory depends on the assumption that the only air 
or fluid containing space in the normal abdomen is inside the hollow 
viscera, and that adjacent peritoneal layers are so closely approximated 
that there is no appreciable space present under normal conditions. 

This theory of Haim is probably the correct one and is certainly 
more logical than that of Bunge,’* who asserts that an air space is 
present outside the intestine and that the rise of intra-abdominal pressure 
occurs here. According to him, bursting of the intestine will take place 
only at weak places in the abdominal wall, most notably at the different 
hernial openings, at the moment when the increased abdominal pressure 
attempts to force the intestine through such lacunae. Bunge’s theory is 


10. Sauerbruch: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 12: 1903. 
11. Haim, E.: Arch. f. klin. Chir. 93:685, 1910. 

12. Grasmann, M.: Deutsch. Ztschr. f. Chir. 91:41, 1908. 

13. Bunge: Beitr. z. klin. Chir. 47:771, 1905. 
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not taken very seriously at the present time because it is vague and is 
based on an erroneous conception of intra-abdominal conditions. 

Haim also mentions another mechanism of explosive rupture which 
he calls “bursting by contre-coup.” He describes a man, aged 47, who 
was kicked by a horse. At operation two ruptures of the ileum some dis- 
tance apart were found. One of the lesions was attributed to the 
direct action of the hoof, while the other was considered to be due to 
force transmitted to the column of fluid inside the intestine, so that the 
intestinal wall at the other end of the column received enough of the 
transmitted pressure to burst under the strain. The theory is ingenious 
but difficult either to prove or to disprove. 

Other forms of explosive ruptures have been described which are 
rather uncommon and which will only be mentioned. Bursting of the 
large intestine in new-born infants has been found in rare instances and 
has been attributed to violent expulsive uterine contractions acting on 
an intestine full of meconium.'* Occasionally, as the result of a prac- 
tical joke, the sigmoid and large intestine in men have been ruptured 
as a result of the introduction of compressed air into the anal aperture 
with a compressed air hose.’® It is probable that this occurs more 
often than has been reported. 

3ursting ruptures of the intestine generally present a fairly char- 
acteristic lesion. According to Schwarz,'® the injury starts as a trans- 
verse fissure on the side of the intestine opposite the mesenteric inser- 
tion. The explosive force tears the weak longitudinal muscle across and 
merely separates adjacent strands of the stronger circular layer. Later, 
by muscular contraction of the longitudinal layer, the transverse fissure 
is converted into an ovoid longitudinal hole through which shreds of 
mucous membrane project into the peritoneal cavity. Contusion of the 
intestinal wall is much less pronounced than in cases of crushing and 
tearing, and the force required to burst the intestine need not be a par- 
ticularly violent one, especially when the wall is diseased or the seat 
of an ulcerative process, such as typhoid or tuberculosis. 

Cases of traumatic explosive rupture of the intestine are reported 


below. 
Case 7.—A man, aged 50, April 5, was struck in the left groin by a brick. 
The next day he entered a hospital, acutely ill, with deep abdominal distress. 
His condition was so bad that he was not operated on, and he died on April 8. 

Necropsy: A broad contusion in the left groin and an incomplete, indirect 
inguinal hernial sac just under the contusion were revealed, occupying the canal 
but not penetrating the scrotum. 


The sac was empty. There was a purulent 








14. Von Sury: Viertelsjahrschr. f. Gericht. Mer. 3:91, 1912. 
15. Buchbinder, J. R.: Pneumatic Rupture of the Intestine, J. A. M. A. 76: 
518 (Feb. 19) 1921. 


16. Schwarz, A.: Deutsch. Ztschr. f. Chir. 95:101, 1908. 
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plastic peritonitis, matting the coils of small intestine. The abdominal cavity con- 
tained about a quart and a half of green foul-smelling fluid. In the jejunum, 
3% feet from the duodenal junction, were two longitudinal ovoid holes, from 
3 to 4 inches apart. They measured one-half by one-fourth inch and three- 
eights by one-fourth inch, respectively. One lay behind the other, and both 
were situated away from the mesenteric attachment. There was slight con- 
tusion around the edges of these perforations. In the intestine near this area 
were small transverse tears of the mucous membrane, about one-eighth inch 
in length. These lesions had all the characteristics of bursting ruptures 
(Fig. 6). 

Case 8.—A girl, aged 6% years, fell six stories out of a window. At the 
hospital it was noted that there were contusions of both thighs, anteriorly, and 
a fractured lower condyle of the right humerus. Symptoms apparentlyapointed 
to an abdominal condition, so a laparotomy was performed. Two perforations 
of the ileum were found and sutured. She died eighteen hours after the accident. 














Fig. 6 (Case 7).—Explosive ruptures of the jejunum. 


Necropsy: It was found that death had been due to a general suppurative 


peritonitis resulting from two perforations in the middle of the ileum, about 
1% feet apart. The mesentery was not involved. There were probably multiple 
bursting ruptures due to a fall flat on the abdomen. 

Case 9.—A boy, aged 2 years, fell two stories down a fire escape and was. 
taken to a hospital in an unconscious condition. For some reason he was not 
operated on until the next day, twenty hours after the injury. The abdominal 
cavity was full of a foul-smelling bloody fluid; but the source could not be 
located. He died an hour and a half after the operation. 

Necropsy: Foul-smelling dark fluid blood was revealed in the peritoneal 
cavity and a gaseous phlegmonous cellulitis of the right lumbar region which had 
broken through the peritoneum in the region of the cecum. The origin of this 
process was a hole, three-eighths inch in diameter, in the most dependent portion 
of the duodenum, just to the right of the vertebral column. Its edges were 
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contused and ragged. No other injury was present, and there was no contusion 
of the anterior abdominal wall. The injury was probably a bursting rupture; 
but the mechanism of its production is not entirely clear. 

Case 10.—A man, aged 40, entered a lodging house one night about 10 
o'clock. At the time, the clerk at the desk noticed nothing peculiar about either 
his appearance or his behavior. He was found dead in bed the next morning, 
and a necropsy was performed to determine the cause of his death. 

Necropsy: The body was that of a rather poorly developed, medium-sized 
man, with a distended tympanitic abdomen and a large direct inguinal hernia in 
the left scrotum, which was empty at the time of the postmortem. There was no 
sign of contusion on the abdominal wall or in the scrotum. The intestines were 
large, distended with an immense quantity of gas and fluid and were matted 
together.by big masses of purulent fibrin. Two feet of the lower ileum was 
bound in a mass and lay near the hernial opening. Here the intestinal wall 
was swollen, edematous and friable as if its circulation had been damaged. In 
this coil, about 3 feet from the ileocecal valve, was a circular perforation, 
situated opposite the mesenteric attachment. Its edges were sharp and showed 
a thin rim of ecchymosis (Fig. 7). This perforation had been well walled off 
by adhesions, so that there was no gross leakage of intestinal contents. There 
was no sign of an ulcerative process in the intestine, which, aside from the 











Fig. 7 (Case 10).—Bursting. rupture of the ileum. 


points already mentioned, was normal. No other injury could be found else- 
where in the body. 

The lesion was doubtless a bursting rupture, probably produced by such a 
slight force that it could be scarcely classified as trauma. What that force 
was or how long the peritonitis had been present is unknown; but it is a 


justifiable assumption that the hernial sac played an important part in pro- 


ducing the perforation. This case resembles some of those described by 
Grasmann.” 

Case 11—A man, aged 50, was known to have been drinking to excess for 
some days prior to his death. The day before he died he complained to his 
landlady of feeling very ill. He was found dead in bed the following morning. 

Necropsy: There was no evidence of injury to the abdominal parietes: but 
the lower 2 feet of the ileum was contained in a direct hernial sac on the right 
side, which was intact and easily reduced. There was, however, an ovoid 
perforation of the middle of the small intestine situated opposite the mesenteric 
attachment and showing a slight ecchymosis about its edges. The intestine 
was not ulcerated and was natural, aside from the marked generalized purulent 
peritonitis which was derived from the perforation (Fig. 8). 

This case is like Case 10, so that the same remarks will apply to both. 
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Case 12.—A Chinaman, aged 38, who had been an inmate of a hospital for 
the insane for sometime, suffered from restlessness and delusions. In other 
respects, he was not especially ill and was not violent enough to be placed 
under restraint. One morning, however, on getting out of bed, he suddenly fell 
over dead. 

Necropsy: The body was that of a slender, emaciated man, with a general 
suppurative peritonitis and a perforation in the ileum, situated 5 feet from the 
ileocolic junction. The hole was longitudinal, measuring 1% by three-eighths 
inch. It was situated opposite the mesenteric attachment. The edges were 
slightly contused. Three quarters of an inch to one side was a contusion in the 
submucous layer of the intestine, of exactly the same size and shape as the 
perforation. The intestine was normal otherwise. There was also a small 
contusion in the abdominal wall around the umbilicus. No other injury was 
present, nor was there a hernial sac. 














Fig. 8 (Case 11).——Bursting rupture of the small intestine. 


The lesion was evidently traumatic, but the nature of the violence could 
not be ascertained, nor was it known just when it happened. The case is 
interesting in that the peritonitis must have existed for some time before 
death. The injury to the intestine is possibly an explosive one, though there 
is a possibility that it was the result of a contusion. 


COMMENT 
These twelve cases are among those that came to necropsy in the 
routine work of the medical examiner’s office of New York. They 
were all fatal and the number is too small to permit the deduction of 


any statistical conclusions. They present, however, certain facts, worthy 


of emphasis, regarding the anatomic and clinical peculiarities of intestinal 
injuries caused by blunt force. 
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Above all, they show that the intestine may be crushed, torn or 
burst by pressure from within, and that in many instances the mechanism 
of the violence may be recognized both from the clinical history and 
from the anatomic findings at operation or necropsy. In other cases, 
however, the result cannot be read so plainly, and conclusions cannot 
be drawn with the same degree of certainty. It is impossible very 
often to determine the exact nature of the casualty; that is, just how 
the force was applied and what the condition of the intestine was at the 
time. For this reason, the assertions in the literature to the effect that 
crushing injuries are most common and that bursting injuries are exceed- 
ingly rare are unnecessarily dogmatic and even misleading. Beyond 
doubt, all three types of trauma do occur—crushing, tearing and burst- 
ing—but it is difficult to determine with certainty their relative 
frequency. 

In any event, the manner in which the lesion was produced is, in 
many instances, a matter of only theoretical interest to the surgeon. 
The chief consideration is that a very violent trauma or a very slight 
one may perforate the intestine, a fact that must have an important 
effect in directing the subsequent clinical course of the patient. 

The twelve cases of the series reported herewith show a wide vari- 
ation in the medical history. The patient in Case 1 died almost immedi- 
ately from abdominal hemorrhage. 

In Cases 4 and 5, the patients gave indications of having been sub- 
jected to extreme violence, but because they did not present abdominal 
symptoms at the beginning the intestinal injury was not diagnosed in 
Case 5 at all, and it was not recognized in Case 4 until too late. It 
is probable that the alcohol and morphin in Cases 4 and 5 had a pro- 
nounced analgesic effect which obscured the signs of peritoneal irritation 
and thus rendered the diagnosis difficult. 

In Cases 3 and 7 the patients had received only moderate local 
violence and were not driven to seek medical aid until the peritonitis 
had become well established. The primary symptoms immediately 
following the casualty were evidently too slight to arouse alarm. 

Cases 2, 10, 11 and 12 are significant in that the patients had evi- 
dently sustained an injury to the intestine of which they themselves 
were not aware. Another patient (Case 11) had been drinking heavily, 
and the alcohol no doubt kept the signs of peritonitis in the background. 
In Cases 2 and 12 the patients were mentally unsound, and even though 
they were under clinical observation their injuries were not recognized. 
All this shows that sudden death may occur from an unsuspected infec- 
tion in the abdominal cavity and that the term “walking peritonitis” has 
just as real a meaning as “walking pneumonia” or “walking typhoid.” 

Case 9 is interesting in that although the boy was operated on the 
intestinal lesion was not discovered. This was explained by the fact that 
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the injury was located in the duodenum, and so, therefore, it was well 
hidden in the retroperitoneal tissues. Berry ° mentions similar instances. 

Of the entire number, two patients (Cases 6 and 8) were operated 
on soon after the injury, but the damage done was too great to permit 
of recovery. 

In our series, death from intra-abdominal hemorrhage occurred 
whenever associated mesenteric and visceral injuries were present. The 
majority of patients died of peritonitis, which is usual. In two instances, 
Cases 2 and 9, in which the duodenum was perforated, the infection was 
a retroperitoneal cellulitis. Hertle * mentions similar infections caused 
by traumatic ruptures of the duodenum and cecum. 

It is thus apparent that the treatment of these injuries is very 
unsatisfactory. The mortality is high. Almost all patients not operated 
on die, and even those that are operated on are not the best of risks. 
Berry cites only twenty-six recoveries in 114 operations in London 
hospitals and Tschistosserdoff only eight in forty-seven. The longer 
the operation is delayed after the injury, the less the chance of recovery, 
so that prompt recognition of the condition is very important. It has 
already been noted that a very slight blunt force is sufficient to cause 
an intestinal injury and that various circumstances may arise which will 
delay the appearance of the characteristic clinical signs. In all casualties, 
therefore, in which there is a possibility that violence has been sustained 
by the abdominal parietes, the presence of a ruptured intestine should 
be suspected from the very start and the case treated accordingly. 

It is the opinion of the staff of the first surgical division, Bellevue 


Hospital, that an exploratory laparotomy should be performed in every 


case of blunt trauma in which it is not possible to exclude the existence 
of an injury to the hollow abdominal viscera (personal communication 
of Dr. R. S. Hooker). The only deterrent to an operation under these 
circumstances would be the fact that the patient is so nearly moribund 
or in such shock that the operation in itself would be fatal. Certainly, 
absence of the signs of abdominal distress, shortly after the injury, 
would in no way contraindicate surgical interference, for, as has been 
seen, such lack does not guarantee the absence of a dangerous abdominal 
lesion. Of course, this policy of early operation would not be suc- 
cessful in every instance, but its advantages outweigh any possible dis- 
advantage. Most of all, it would give a fighting chance to those patients 
with injuries of the intestine which do not make their presence felt at 
the start and which are often amenable to surgical intervention in the 
early stages, but which surely would lead to death if the operation is 
delayed. 





A STUDY OF THE VIABILITY OF BONE AFTER 
REMOVAL FROM THE BODY * 


S. L. HAAS, M.D. 


SAN FRANCISCO 


As a primary working principle, it is necessary to have a definite 
conception of the difference between death of the organism and death 
of its component parts. The life of the higher animals is dependent 
on an intact respiratory, circulatory and central nervous system, and, 
in consequence of the permanent destruction of one of these systems, 
there necessarily results the death of the individual. The various 
organs and tissues of the body are more or less dependent on the 
successful functioning of these systems for an adequate supply of 
nourishment, and, as soon as there is a disturbance in their working, 
with a diminution of the essential elements, there is a beginning degener- 
ation of the organ or atrophy of the tissue. They are, however, able 
to withstand, for a limited period, the complete severance of their 
nutritive sources so that the ultimate death or degeneration of the 
organs and tissues of the body does not immediately follow the death 
of the organism, because the various cells are able to subsist for a 
limited period on such nutritive substances as they already contain or 
by which they are surrounded. There are various secondary factors 
that exert an influence on the degenerative processes ; such as the sensi- 
tiveness of the individual cells, the amount of the stored products, and 
the cell’s ability to utilize them, the liability to invasion by destructive 
bacteria and the subjectiveness to autolytic digestive processes. 

Closely allied to this ability of the organs and tissues of the body 
to survive after the death of the individual is their ability to withstand 
death after removal from the organism. On account of this property of 
survival of tissues after excision from the host, it is possible to trans- 
plant them from one part of the body to another or to a different 
individual. 

It has been shown, particularly by Carrel,’ that by placing tissues 
in various fluids at different temperatures the death point can be post- 
poned. Thus, between — 1 C. and —2 C., the cadaveric disintegration 
is practically inhibited, and Carrel has successfully transplanted sections 
of arteries after the elapse of twenty-four days from the time of their 
removal. Furthermore, he has transplanted other tissues, such as dog’s 
cartilage and periosteum, which had been kept in cold storage from 


* From the Surgical Pathological Laboratory of Stanford University School 
of Medicine. 

1. Carrel, Alexis: The Preservation of Tissues and Its Applications in 
Surgery, J. A. M. A. 59:523 (Aug. 17) 1912. 
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twenty-four to twenty-eight hours into dogs and found that the cartilage 
remained alive and that the periosteum produced bone. Unfortunately, 
the details and the microscopic changes of these important observations 
are not given in the article. 

In addition to the preservation of tissue in this condition of latent 
life, Carrel has been able to preserve tissues in a condition of active 
life outside the organism, by utilizing the method devised by Harrison.? 
Carrel preserved fragments of hypophysis and periosteum extirpated 
from dogs in normal plasma at a temperature of 38 C. He found that, 
after a few days, fragments of hypophysis were living and that con- 
tinuous or tubular layers of epithelial-like cells had grown from the 
edges through the culture medium. Around small pieces of periosteum 
which were cultivated in hanging drops, a new tissue had developed ; 
but the growth stopped at the end of ten days. Transplants of the 
periosteum that were preserved in active life were made after one, two 
and three days. The periosteal flaps were removed from the plasma, 
washed in Ringer’s solution, and afterward placed under the skin of the 
chest of a dog. Control pieces that had been preserved in Ringer’s 
solution were also transplanted, and, after the lapse of a month, it was 
found that more bone was produced by the flaps preserved in plasma 
than by the controls. 

Recently, Ebeling * has reported the cultivation of a strain of fibro- 
blast obtained from the heart of a chick embryo, Jan. 11, 1912, for a 
period of ten years, and representing the one thousand eight hundred 
and sixtieth generation of these connective tissue cells. This has been 
made possible by the use of an improved culture medium of embryonic 
tissue juices, chemically altered to conform to a definite ionic concen- 
tration. In view of this long propagation of cells, he ventures the 
opinion that, under proper nutritive conditions, certain cells are prac- 
tically immortal. 

The recent work of Lewis and McCoy‘ on the survival of various 
tissues after death of the organism offers another means of determining 
the death point of cells. Their criteria for life are the presence within 
the cell of certain granules and vacuoles that have an affinity for 0.5 
per cent. solution of neutral red and a homogenous nucleus without the 
trace of a nuclear membrane. When the cell dies, there is a loss of 
color from the granules and vacuoles, a diffuse pink staining of the 
cytoplasm and nucleus, and a sharp distinct nuclear membrane and 
change in texture of the cytoplasm and nucleus. They discuss the 

2. Harrison, R. G.: Observations on the Living Developing Nerve Fibres, 
Proc. Soc. Exper. Biol. and Med. 4:140, 1907. 

3. Ebeling, A. H.: A Ten Year Old Strain of Fibroblasts, J. Exper. Med. 
35:755 (June) 1922. 

4. Lewis, W. H., and McCoy, C. C.: The Survival of Cells After the 
Death of the Organism, Bull. Johns Hopkins Hosp. 33:284 (Aug.) 1922, 
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factors influencing the death of different cells of the body at varying 
periods after death as due to difference in chemical and physical consti- 
tution of the cells, in the rate of metabolism, in the amount of oxygen, 
in the various salts and foodstuffs used and in the chemical constitution 
of the waste products. Their results show that there is a longer 
survival period at low temperatures than at high temperatures and in 
tissues remote from the effects of intestinal bacteria. Each cell acts 
differently according to its environment, and when the animal dies, the 
environment is changed and the period of survival depends on how each 
cell is naturally fitted to live there. Thus, it was found that cartilage 
cells survived for a long period, up to two hundred and forty hours, 
and it is known that cartilage is rather far removed from the capillaries 
and would not respond so quickly to the cutting off of the blood supply 
as cells that have a higher rate of metabolism. On the other hand, 
brain cells were found to survive but one hour, and skeletal muscle, 
which developed no granules, died almost as soon as removed from 
the body. 

Dobrowolskaja ° took small pieces of bone from mice, kittens and 
rabbits, placed them in a hemogenous plasma and then incubated them 
in hanging drops of distilled water. He used compact bone, periosteum 
and cancellous bone, and described the outgrowth of tissue elements 
from the original material. He says that the embryonic tissue on the 
slides reveals cell proliferation without tissue formation. His drawings 
show an outgrowth of structureless dendritic masses that bear no 
resemblance to osseous tissue. 

Fisher * reports the first successful cultivation of a pure strain of 
cartilage cells in vitro. The original tissue was obtained from the sclera 
of the posterior hemisphere of the bulbus oculi of the chick embryo, 
which has a pars cartilaginea sclerae. He obtained an increase in growth 
and reproduction of the cellular structure of the primary cartilage. 

In view of the investigations just considered it does not seem 
unreasonable to expect that a tissue such as bone would possess latent 
and active life properties after removal from the body. Bone, unlike 
any other tissue of the body, is composed of a firm inorganic mineral 
base and ossein, in which are interspersed the active living bone cor- 
puscles and haversian system of cells and blood vessels, and it is invested 
both externally and internally with active osteoblastic cellular elements 
which are capable of forming bone. Because of this peculiar complex 
structure, it is difficult to devise a satisfactory means of determining the 
survival of its cells. A consideration of the methods already mentioned 


5. Dobrowolskaja, N. A.: On the Regeneration of Bone and Its Relation 
to the Cultivation of Bone Tissue, Brit. J. Surg. 4:332 (Oct.) 1916. 

6. Fisher, Albert: A Pure Stain of Cartilage Cells in Vitro, J. Exper. Med. 
36:379 (Oct.) 1922. 












































216 ARCHIVES OF SURGERY 


to determine which is the most suitable for this study may be taken 
up under the three following headings: (1) the study of cellular 
changes; (2) the cultivation on artificial mediums after exposure to 
see whether there is any power of growth; (3) transplantation of the 
tissue after exposure and investigation at a later period to determine 
whether there are signs of proliferation. 

1. Study of Cellular Changes—The microscopic study of the ordi- 
nary nuclear appearances is not exact because it is impossible to 
determine from the structure of the nucleus whether the cell is alive or 
dead. The method used by Lewis and McCoy is more definite; but it 
is unsatisfactory because of the difficulty of making spreads of a hard 
tissue like bone. 

2. Cultivation of Tissue on Artificial Mediums.—This method may 
be suitable for a simple tissue, but is not applicable for one of such 
firm and complex structure as bone. The mere outgrowths of structure- 
less processes as obtained by Dobrowolskaja without the reduplication 
of tissue, bearing at least some resemblance to bone, could not be 
accepted as proof of retained vitality of the osteoblastic elements that 
had been exposed after removal from the organism. 


3. The Transplantation of Tissue.——In order to be certain that the 
cells of bone have survived, one must be able to demonstrate an active 
and definite reproduction of osseous tissue after such exposure. In the 
study of bone after the usual method of transplantation, it is fairly easy 
to recognize definite regenerative changes; but, in case a period had 
elapsed before transplantation, the vitality of the cells may be so 
reduced that such responses may be lacking. However, even should 
such proliferative changes be demonstrable, they may not be accepted 
by those investigators that maintain that they are not indicative of 
inherent life of transplanted bone. In a previous article, I’ showed that 
there is the same tendency toward healing of a fracture in a transplanted 
bone as there is toward healing of a similar lesion in a bone in its normal 
position. It was, therefore, decided to utilize this physiologic response 
of the healing of a fracture in a bone transplant as a test of the activity 
of osteogenetic cells after removal from the body. Accordingly, after 
the bone was removed from the animal and fractured, a certain time 
was allowed to elapse before its transplantation to another location in 
the same animal. If then there should be any tendency to healing or 
signs of proliferation at the site of such a fracture, it is believed that 
this growth could be considered as absolute proof of the survival of the 
osteoblastic cells of the exposed bone. With this object in view, the 
following twenty experiments were performed on ten dogs. 


7. Haas, S. L.: Spontaneous Healing Inherent in Transplanted Bone, J. 
Bone and Joint Surg. 4:209 (April) 1922. 
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METHOD 


Under ether anesthesia and with aseptic technic, two entire meta- 
carpal bones were removed from the animal’s foot. One bone, after 
being fractured in the center, was placed in a sterile bottle and kept at 
room temperature, while the other bone, after being broken, was placed 
in a bottle of physiologic sodium chlorid solution and kept at a temper- 
ature of 39 C. At the end of a certain period, the fragments were 
united with catgut, and the two different sets of bones were buried in 
the muscles on opposite sides of the back of the same animal. No 
attempt was made at this time to determine the best method for the 
prolongation of cell life of bone, which, in accordance with the investi- 
gations on other tissues, would be at lower temperatures and in a 
medium of embryonic tissue extracts; but an effort was made to 
determine the vitality of the cells after exposure to such conditions as 
exist in the operating room. 

I. EXPOSURE TO AIR 

EXPERIMENT 1.—From Dog 35, a grown animal, the fourth metacarpal bone 
was removed, fractured at the center, and the fragments placed in a sterile 
bottle at room temperature for two and one-half hours. The bones were then 
tied together with catgut and transplanted to the muscles on the right side 
of the back. The animal was killed at the end of forty-four days. 

Gross Findings.—There was no evidence of union between the two fragments. 
There were a few osseous spicules about the ends. 

Microscopic’ Findings—There was a small osseous outgrowth on one of 
the segments, that stained fairly well, and, in general, had the appearance of 
new bone. The remainder of the bone was made up of stainless nuclei and 
was undergoing degeneration. 

EXPERIMENT 2.—From Dog 25, a grown animal, the third left metacarpal 
bone was removed, fractured at the center and placed in a sterile bottle for 
three and one-half hours. The fragments were then tied together and trans- 
planted to the muscles on the right side of the back. The animal was killed 
at the end of fifty-eight days. 

Gross Findings——There was no evidence of union between the fragments, 
which had undergone considerable absorption. 

Microscopic Findings—There were definite signs of proliferation about the 
fractured ends. It appeared that an attempt at bridging the gap between the 
two ends was being made. The remainder of the bone showed well stained 
nuclei about the periosteal and endosteal surfaces, as well as about the haversian 
canals, just as in certain stages after the usual transplantation of bone. 

EXPERIMENT 3.—From Dog 23, a young animal, the fourth right metacarpal 
bone was removed, fractured at the center, and the two segments placed in a 
sterile bottle for five hours. The fragments were then bound together with catgut 
and buried in the muscles on the right side of the back. The animal died at 
the end of six days. There was infection present. 


Gross Findings—The bones healed in position, but it was too early for any 
signs of union. 
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EXPERIMENT 4.—From Dog 27, a full grown animal, the fourth right meta- 
carpal bone was removed, fractured at the center and placed in a sterile bottle 
for six hours. The fragments were then bound together and transplanted to 
the muscles on the right side of the back. The animal died at the end of 
four days. 

Gross Findings—There was good healing of the wound, and the bones 
showed no abnormal changes. 

Microscopic Findings—The bone appeared dead. The nuclei stained poorly 
and appeared degenerated. 


EXPERIMENT 5.—From Dog 29 the third right metacarpal bone was removed, 
fractured at the center and placed in a sterile bottle. At the end of six hours, 
the bones were tied together with catgut and placed in the muscles on the left 
side of the spine in the same animal. The dog developed convulsions on the 
fourteenth day and had to be killed. 


Gross Findings—There was good alinement of the fragments but no evidence 
of union. 


Microscopic Findings—There was no evidence of proliferation about the 
end or tendency to callus formation. There was a very limited proliferation 
along the cortex, but no signs about the endosteum. The nuclei of the cortex 
were degenerated. 


EXPERIMENT 6.—From Dog 24, a full grown animal, the third right metacarpal 
bone was removed and fractured in the center, and the two fragments bound 
together with catgut, after which the bone was placed in a sterile bottle for 
seven hours. The bone was then transplanted to the muscles on the left side of 
the back. The animal was killed after sixty-one days. 

Gross Findings.—There was no sign of union. The fragments had undergone 
some absorption. The roentgenogram revealed an entire absence of callus at 
the ends. 


Microscopic Findings—There was no evidence of callus nor signs of 
proliferation about the ends. Some of the nuclei along the outer surface of the 
cortex appeared normal. 


EXPERIMENT 7.—From Dog 28, an old animal, the fourth right metacarpal 
bone was removed, and, after being fractured, was placed in a sterile bottle 
for nineteen hours. The segments were then bound together with catgut and 
placed in the muscles of the back on the right side of the spine. The animal 
died on the tenth day. 


Gross Findings.—The bone was surrounded by hemorrhagic, partially necrotic 
material. There was no sign of union. 


Microscopic Findings—There was no evidence of proliferation about the 
ends. The bone appeared degenerated except toward the articular surfaces, 
where the nuclei took the normal stain. 


EXPERIMENT 8.—From Dog 31, an old animal, the fourth metacarpal bone 
was removed from the right foot, and, after being fractured in the center, it 
was placed in a sterile bottle for nineteen hours. The fragments were then 
bound together with catgut and transplanted to the muscles on the left side 
of the back. The animal was killed at the end of fifty-three days. 


Gross Findings—The fragments were in good apposition, and there was 
weak union between the bones. The roentgenogram (Fig. 1) showed the frag- 
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ments together, but one could not determine definitely whether there was union. 
On close study, there appeared to be some proliferation from the ends. There 
was considerable absorption of the bone. 

Microscopic Findings——There was considerable new osseous tissue at the 
site of the fracture. A complete osseous bridge between the fragments could 
not be demonstrated on section; but a study of a number of slides indicated 
that it did take place. This new bone was composed of well-stained ntclei, 
while the adjoining old bone was, for the greater part, made up of stainless 
degenerated nuclei (Fig. 2). There was a layer of new bone on the endosteal 
and periosteal surface of the cortex. 

EXPERIMENT 9.—From Dog 26, a young and growing animal, the fourth 
right metacarpal bone was removed, fractured and placed in a sterile bottle for 














Fig. 1 (Exper. 8).—Appearance of the metacarpal bone at the end of fifty- 
one days, showing evidence of new bone formation, which was verified on 
microscopic study of a section through the site of fracture. The bone had 
previously been kept in air for nineteen hours. 


twenty-one hours. The fragments were united and placed in the muscles on 
the right side of the back. The animal died of infection on the second day. 

Gross Findings—The bone showed no change. 

Microscopic Findings—The nuclei were practically all stainless. There were 
no signs of activity of the osseous cells. 

ExpPerRIMENT 10.—From Dog 30, a full grown animal, the fourth right 
metacarpal bone was removed, fractured at the center and placed in a sterile 
bottle for twenty-four hours. The fragments were then bound together with 
catgut and transplanted to the muscles on the right side of the back. The 
animal was killed at the end of fifty-nine days. 

Gross Findings——There was no evidence of union. The fragments appeared 
to be dead, and there was no evidence of proliferation. 
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Microscopic Findings—The nuclei of the bone were stainless. The ends cf 
the bone were blunt and showed no signs of an attempt at callus formation. 
The general appearance was one of absorption and degeneration. The extreme 
inactivity was unlike that of any of the other experiments of similar duration. 


Il. IN PHYSIOLOGIC SODIUM CHLORID SOLUTION 
EXPERIMENT 11.—From Dog 35 the third right metacarpal bone was removed, 
fractured in the center, and the fragments placed in a bottle containing 
physiologic sodium chlorid solution at a temperature of 39 C. At the end of 
two and a half hours, the fragments were tied together with catgut and trans- 


planted to the muscles on the left side of the back in the same animal, from 
which they were removed. The animal was killed at the end of forty-four days. 














Fig. 2 (Exper. 18).—Callus at site of fracture of a bone that was fractured 
and allowed to remain in physiologic sodium chlorid solution for nineteen hours 
before being transplanted to the muscles of the back of the same animal. 
A similar picture was found at the site of fracture in Experiment 8, in which the 
bones were placed in a sterile bottle for nineteen hours before transplantation. 
This new bone was formed by the cells that had survived the period of exposure, 
and the response was exactly like that which would occur in the healing of a 
fracture under normal conditions: A, degenerated old bone; B, new osteoid 
tissue. 


Gross Findings—There was no evidence of union between the two frag- 
ments. The ends of the bone were rather smooth and showed no outgrowths 
at any place. 
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Microscopic Findings——There was a fairly normal, thin layer of bone near 
the end of the fragment and along the surfaces that were approximated to the 
other segment. The remainder of the bone contained stainless nuclei and 
appeared to be dead. The inherent tendency and functional influence for union 
seemed to exert some regenerative force, even though union had not been 
completed. 

EXPERIMENT 12,—From Dog 25 the fourth left metacarpal bone was removed, 
fractured in the middle and placed in physiologic sodium chlorid solution for 
three and a half hours. The pieces were then sutured together and placed 
in the muscles on the right side of the back of the same dog, where they were 
allowed to remain fifty-eight days. 

Gross Findings—The fragments were in good alinement. There was 
marked atrophy of the bone. A few nodules were present at the site of 
fracture. 

Microscopic Findings—There was no evidence of callus or new bone at the 
site of fracture. There was some well-stained bone about the periosteal surface, 
endosteal surface and the haversian canals. 


EXPERIMENT 13.—From Dog 23 the third right metacarpal bone was removed, 
fractured, and placed in physiologic sodium chlorid solution for five hours. It 
was then placed in the muscles on the left side of the back. The animal died 
at the end of six days. 

Gross Findings—The bones were in apposition, but were not adherent to 
the surrounding tissues. The period of time was too short for osseous changes. 


EXPERIMENT 14.—From Dog 27 the third right metacarpal, after being 
fractured, was placed in physiologic sodium chlorid solution for six hours, and 
then transplanted to the muscles on the left side of the back, and left there for 
four days. 

Gross Findings—There was good healing of the wound, but no signs of 
union. 

Microscopic Findings—There was no evidence of early callus. The cortical 
bone was composed of stainable nuclei, and, at places along the periosteal sur- 
faces, the osteoblast appeared to be proliferating. 

EXPERIMENT 15.—From Dog 29 the fourth right metacarpal bone was 
removed, fractured at the center, and then placed in physiologic sodium chlorid 
solution at 39 C. The bone was removed at the end of six hours; the fragments 
were tied together with catgut and then transplanted to the muscles on the 
right side of the spine, where they were left for fourteen days. 

Gross Findings—The ends of the fragments were in apposition, but there 
was no sign of union. 

Microscopic Findings—It was surprising that there was an entire lack of 
any proliferative changes in the region of the fracture. It was possible that the 
infection that was present had some influence. Aside from the staining of some 
of the nuclei on the surface of the bone, there was an entire absence of 
living cells. 

EXPERIMENT 16.—From Dog 24 the fourth right metacarpal bone was 
removed, fractured in the center and, after being tied together with catgut, was 
placed in physiologic sodium chlorid solution for seven hours. It was then 
removed and transplanted to the muscles of the right side of the back of the 
same animal. The animal was killed at the end of sixty-one days. 
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Gross Findings—There was a definite union between the two fragments. The 
bone was smaller than at the time of operation. The roentgenogram showed 
the bones in perfect alinement. The osteoid callus appeared as a faint shadow, 
mostly of the endosteal type. 

Microscopic Findings.—There was a definite osseous connection between the 
two fragments. This callus was composed of nuclei of fairly normal shape and 
of normal staining properties (Figs. 3 and 4). The original cortex on either 
side of the connecting bridge had lost its nuclear stain and was undergoing 
absorption. It appeared that the new bone was more resistant to absorption 
than the original bone, which was possibly due to its structure or to the fact 
that it was functioning as a connecting band. 

EXPERIMENT 17.—From Dog 28 the third right metacarpal bone was removed, 
fractured and placed in physiologic sodium chlorid solution for nineteen hours. 














Fig. 3 (Exper. 16).—Appearance of a section of the metacarpal bone, show- 
ing the survival of the osteoblastic cells after exposure of seven hours in 
physiologic sodium chlorid solution and their ability to produce callus after 
transplantation to muscle for a period of sixty-one days: B-B, site of union, 
showing the well stained normal nuclei; A-A, original bone on either side, show- 
ing that the nuclei of the old bone fail to stain; objective, %; ocular, 2 inches. 


The fragments were then bound together with catgut and transplanted to the 
muscles on the left side of the back. The animal died in ten days. 


Gross Findings—There were no signs of union. 

Microscopic Findings.——There were no signs of proliferation about the ends 
of the fractured bone. There was some periosteal proliferation; but the greater 
part of the bone was made up of stainless nuclei. 

EXPERIMENT 18.—From Dog 31-18 the third right metacarpal bone was 
removed and fractured at the center, and the fragments were placed in a botile of 
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physiologic sodium chlorid solution for nineteen hours at 39 C. The frag- 
ments were then tied together with catgut and placed in the muscles on the 
right side of the back and left for fifty-three days. 

Gross Findings—The fragments had become displaced, and there was no 
evidence of union. The bone had undergone considerable absorption. 

Microscopic Findings.——There was a marked outgrowth of new bone from 
the ends of the fragment, which was similar to that which occurred in Experi- 
ment 8 (Fig. 2). This new bone was just like the callus that is formed at the 
site of a fracture in its normal position. The greater part of the original bone 
adjoining this new bone was dead, as shown by the stainless nuclei. In this 
experiment, even though there was a nonunion, there was the definite tendency 
toward the formation of callus, and an effort was made to bridge the gap. 











Fig. 4 (Exper. 16).—Higher magnification of area within the square indi- 
cated in Figure 3, showing the normal osseous structure of the uniting callus. 
It cannot be determined whether the osteoblastic cells are forming bone or 
absorbing it on the surface. Probably the latter process is predominant at this 
time. The nuclei of the bone away from the site of union are stainless; objec- 
tive, 7%; ocular, 2 inches. 


EXPERIMENT 19.—Dog 26 was operated on, the third left metacarpal bone 
being fractured, placed in physiologic sodium chlorid solution for nineteen hours 


and then transplanted to the muscles of the left side of the back and left for 
two days. 


Gross Findings—The wound was infected. 


Microscopic Findings.—The nuclei were practically all stainless, 
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EXPERIMENT 20.—From Dog 30 the third right metacarpal bone was removed, 
fractured in the center and placed in a bottle of physiologic sodium chlorid 
solution at 39 C. for twenty-four hours. The fragments were then tied together 
with catgut and placed in the muscles of the left side of the back of the 
same animal, remaining for fifty-nine days. 

Gross Findings—The bones were in good alinement. There was absolutely 
no evidence of union. There was practically no connection between the bones 
and the surrounding muscle, such as usually takes place in this type of experi- 
ment; but they had acted just as do foreign bodies. 

Microscopic Findings.—The bone contained stainless nuclei throughout and 
appeared dead. The ends of the fractured segments were blunt and irregular. 
There was no sign of proliferation at any place. The periosteum appeared to 
have been loosened from the bone which lay within, just like a sequestrum. 
It was difficult to explain the entire failure of activity in this experiment, when, 
in other experiments that were performed in exactly the same manner, definite 
signs of growth took place from the bones, and, in one instance, there was 
union of the fragments. 

SUMMARY 


In ten of the twenty experiments, the period of observation was less 
than fifteen days, owing to the death of the animal, making these 
experiments unsatisfactory so far as drawing conclusions as to the 
ultimate results is concerned. The entire loss of nuclear staining is 
not unlike that which takes place in the early stages after bone 
transplantation. The high mortality of 50 per cent. as compared with 
the mortality of 10 per cent. for the usual transplantation experiments 
leads one to believe that there was something associated with the char- 
acter of the experiment that was responsible for the bad results. 
Naturally, there is a greater chance for infection when the bone is 
allowed to remain outside the body for a considerable period before 
transplantation. Furthermore, it is possible, that, in the presence of at 
least partially degenerated bone, the virulence of the bacteria is increased. 
It might be that the changed proteid of the exposed bone exerted a 
toxic action after it was replaced in the animal. 

The accompanying tables give in brief the findings in the five experi- 
ments in which the bone was placed in a sterile bottle. 

In Experiment 8, a weak union occurred in a fractured bone that 
remained in a sterile bottle for nineteen hours before being transplanted 
into the muscles of the back of the same animal. As there was no 
contact with any bone, this uniting callus must have been formed by the 
surviving cells of the exposed bone. It is an interesting fact that the 
nuclei of the callus retain their staining properties, while those of the 
adjoining bone are stainless. This persistence of the life of these cells 
might be due to the fact that the cells at the site of the fracture are 
functioning in forming the union, while those beyond are inactive, 
thereby undergoing a more rapid degeneration. 
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In Experiments 1 and 2, although there was no union, a small 


- 


amount of new bone had formed about the ends as if there had been 
an attempt to form a connection. 


In Experiment 6, there was practically no sign of proliferation, 
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while in Experiment 10, the bone was dead. 

The formation of callus under such conditions as existed in these 
experiments is considered an exacting test of the living condition of the 
cells of exposed bone. Callus has been demonstrated not only in two 
experiments; but, in another, a union has taken place after nineteen 
hours, which leaves no doubt as to the vitality of the cells of bone that 
has been exposed to air for nineteen hours. 


TaBLe 1.—Exposure of Bone to the Air 





Duration of Duration of 
Number of Number of Exposure, Experiment, 













Experiment Animal Hours Days Result 
1 35 214 44 Slight outgrowth of new bone at end of 
fragment 
2 25 3% 58 New bone at the ends of fragments; normal 


staining bone about periosteum and 
endosteum 


6 24 7 61 Some nuclei on outer surface are stainable 
8 31 19 53 Weak union between the fragments; normal 
osteoid callus 


Bone dead 





TaBLe 2.—Exposure of Bone to Physiologic Sodium Chlorid Solution 



























Duration of Duration of 


Numberof Numberof Exposure, Experiment, | 
Experiment Animal Hours Days Result 
11 35 21% 44 Live appearing bone near approximated 
surfaces of the fragments; no union 
12 25 31% 58 No union; well stained bone on periosteal ' 
and endosteal surfaces 4 
16 2 | 7 61 Firm union | 
18 31 19 53 Nonunion; considerable new osteoid callus 
about the ends : 
20 20 24 59 Bone dead ‘ 













Table 2 gives the findings in brief of the five experiments in which 
the bone was placed in physiologic sodium chlorid solution at a temper- 
ature of 39 C. 
In Experiment 16, a firm union was formed in a bone that was 
fractured and kept in physiologic sodium chlorid solution for seven 
hours before being transplanted to the muscles of the back. In Experi- 
ment 18, in which the bone was kept in physiologic sodium chlorid 
solution for nineteen hours, a considerable amount of callus was 
formed about the ends of the bone. This callus was similar to the 
osteoid callus that forms about the site of a fracture in its normal 
position and under normal conditions. In Experiments 11 and 12, 
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there was histologic evidence of live bone, although no callus was 
formed at the fracture line. In Experiment 20, the bone appeared 
dead. 

These results add further evidence to substantiate the fact that the 
cells of bone will live after the removal of the bone from the host. 
The cells not only live but are capable of forming callus, even after 
being kept nineteen hours in physiologic sodium chlorid solution. 

Collectively, in the two groups, there were two experiments in which 
a union occurred, three in which callus was formed about the fractured 
ends, and two in which there were signs of living bone on histologic 
examination. There did not seem to be any superiority in the use of 
physiologic sodium chlorid solution at 39 C. over those bones that were 
placed in a sterile bottle at room temperature. The longest period at 
which signs of living bone were demonstrated was nineteen hours for 
both methods. Undoubtedly, the preservation in cold storage would 
be more efficient in prolonging the survival period of the cells. 

It is difficult to explain the disparity in the results, especially as to 
the small amount of callus in the case of the bones that were exposed 


for a short time. A larger series in which attention is directed to the 
age of the animal, condition of the animal, the method of holding the 


fragments in apposition, food and variation in physiologic processes may 


help to solve this problem. 
CONCLUSIONS 

1. The osteoblastic cells of bone will survive an exposure period of 
nineteen hours in air at room temperature. 

2. There is sufficient active retained vitality in the exposed cells to 
form callus, and, in some instances, union of a fractured bone after its 
transplantation into a muscle of the same animal, independent of any 
other source of osseous elements. 

3. The demonstration of the survival of the cells of bone after 
removal from the host adds uncontroverted evidence to prove that the 
osteoblastic cells of a bone graft play an independent active role in the 
processes of regeneration. 




















DESMOID TUMORS: A REPORT OF THIRTY-ONE 


CASES * 








RALPH W. NICHOLS, M.D. 


Fellow in Surgery, Mayo Foundation 








ROCHESTER, 





MINN. 




















Mueller,’ in 1838, first suggested the term “desmoid tumor,” but 
it was not accepted generally until Sanger’ published four papers 
(1880 to 1885) describing tumors arising from the round and the 
broad ligaments, the periosteum of the pelvic bones and from the 
abdominal walls. Ledderhose,*® in 1890, collected from the literature 
100 cases of such tumors in the abdominal walls. Pfeiffer,* in 1904, 
published a comprehensive review of the subject and reported forty 
cases from his own clinic and 260 from the literature. These with 
Ledderhose’s 100 cases made a total of 400. Pfeiffer limited the use 
of the term “desmoid” to fibromas arising in the musculo-aponeurotic 
structures of the abdominal walls, and this interpretation has been 
generally accepted. 

Powers,°® in 1905, reported three cases of his own and abstracted 
the work of Pfeiffer in detail. Stone,® in 1908, reported a case of his 
own, also five cases from Johns Hopkins Hospital and seven from the 
literature. Balfour,’ in 1916, reported two cases from the Mayo Clinic 








*From the Section on Surgical Pathology. 
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occurring in postoperative scars. Levy," in 1919, prepared an unpub- 
lished thesis on the subject at Yale, in which he reviewed the literature 
extensively and reported two cases seen in his service at the New 
Haven Hospital. 

rom 1906 to 1922 thirty-one cases of tumors, classified patho- 


logically as desmoids, were observed at the Mayo Clinic. Specimens 


from these tumors, with one exception, have been examined, and pho- 


tographs of the gross specimens, photomicrographs and abstracts of 
case histories are herewith presented. 
The twenty-five tumors occurring in the muscles of the abdominal 


walls conform to the classification of Pfeiffer. The remaining six have 


Fig. 1 (Case 1).—Specimen from the upper third of the right rectus muscle. 


been very carefully studied. They present similar clinical histories, 
and the clinical and pathologic findings are such that one feels perfectly 
justified in classifying them as desmoids. 

Nineteen of the thirty-one patients (61 per cent.) were females; 
and of these, thirteen (68 per cent.) had been pregnant, and twelve 
(68 per cent.) were under 35 years of age. Ten of the twelve male 
patients (83 per cent.) were more than 35 years of age. In four of 
the cases the tumor was found in postoperative scars. In four other 
cases abdominal operations had been performed, but the tumors were 
not associated with the scars. Tumor was noticed before operation 
in one. Since the tumors were found in the scar only four times in 
approximately 100,000 abdominal operations, their occurrence may be 
considered as a coincidence. 


8. Levy: Desmoids of the Abdominal Wall, unpublished thesis for degree 
of Doctor of Medicine, Yale University, 1919. 
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Fig. 2 (Case 1).—Photomicrograph of specimen shown in Figure 1; X 100. 


Fig. 3 (Case 2).—Specimen from the upper half of the right rectus muscle. 
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Desmoid tumors are usually symptomless except for occasional 
twinges of pain. They were most often discovered in the course of 
routine examination, although in certain cases the tumor itself led the 
patient to consult a physician. Growth was usually very slow. None 
attained great size, but tumors weighing 20 pounds have been reported. 


DIAGNOSIS 


Tumors in the abdominal walls were often diagnosed as intra- 
abdominal: appendiceal abscess, retroperitoneal sarcoma or tumors of 
the cecum, gallbladder, liver, pancreas, spleen or kidney. If the 
abdominal walls were relaxed, as in multiparae, the tumor, if in the 
wall, could usually be palpated. Otherwise, especially if the tumor 











Fig. 4 (Case 2).—Photomicrograph of specimen shown in Figure 3; x 100. 


involved the peritoneum, its exact location could be determined only 
at operation. In the six cases in which the tumors originated in 
muscles other than the abdominal, they likewise were diagnosed with 
difficulty. Five were diagnosed as sarcomas, and the sixth as car- 
cinoma of the breast. One patient, a single woman, aged 33 years, 
had a tumor in the right thigh just above the politeal space in which 


calcareous deposits were seen in the roentgenograms. Grossly, the 
specimen removed at operation appeared to be a calcareous degen- 
erating desmoid. Careful study of microscopic sections, however, 
proved it to be a calcareous degenerating angio-endothelioma. 
Pathologically, desmoid tumors have been classified under various 
names, for example, fibroma, fibromyoma, myxofibroma, keloid and 
so forth. The differentiation of desmoid tumors and sarcomas is 
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Fig. 5 (Case 3).—Specimen from the upper half of the right rectus muscle. 


Fig. 6 (Case 3).—Photomicrograph of specimen shown in Figure 5; X 100. 
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difficult. Many of the so-called cell-rich desmoids contain young, 
actively proliferating, connective tissue cells closely resembling  sar- 
coma cells. The recurrence of benign desmoids and the fact that 
desmoids may become sarcomatous complicate the clinical diagnosis. 

Complete excision of the tumor resulted in permanent cure, with 
one exception. Four patients operated on elsewhere came to the clinic 
with recurrences, and were apparently cured following operation and 
radium treatment. In three instances the tumor was not completely 
excised, and the patients are known to have recurrences. Radium was 
used postoperatively in most instances, but the benefit derived cannot 





Fig. 7 (Case 4).—Specimen from the lower half of the right rectus muscle. 


be accurately estimated. Radium and roentgen-ray treatment retard 
growth and often markedly reduce the size of a tumor. Complete and 
early excision of the tumor promises most satisfactory results. 
According to location the tumors may be classified thus: rectus 
muscles, nineteen cases; internal and external oblique and transver- 


salis, six cases; muscles of the left thigh, one case; right gluteus 
maximus, one case; soleus in the right popliteal space, one case; left 
abductor longus, one case; right pectoralis major, one case, and left 
serratus magnus, one case. 


REPORT OF CASES 


Case 1—Mrs. D. C. D., aged 28, during pregnancy about two years before 
admission had noticed a slowly growing, painless lump in the right upper 
abdomen. There was no history of injury. The local physician diagnosed the 
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(Case 4).—Photomicrograph of specimen shown in Figure 7; X 100. 


Fig. 9 (Case 5).—Specimen from the right rectus muscle. 
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condition as “fatty tumor.” Examination revealed a hard, movable, painless 
tumor, apparently in the right rectus muscle. At operation 15 cm. of the 
upper right rectus muscle was excised. A plastic closure was made, using 
internal oblique and imbricating fascia (Figs. 1 and 2). 

Case 2.—Mrs. J. W., aged 27, had one child, aged 4 years. She first noted 
a lump in the right upper abdomen when the child was torn. Since then it 
had not changed in size. Two months before admission she had a chill fol- 
lowed by fever and probably slight jaundice. A local physician diagnosed the 
condition as tumor of the gallbladder. The general examination, including a 
roentgen-ray examination of the stomach, was negative except for a mass, 
apparently intra-abdominal, in the right upper quadrant in the region of the 
gallbladder. A diagnosis was made of right epigastric tumor. At operation 
a tumor was found lying crosswise in the right rectus muscle, just below the 

















Fig. 10 (Case 5).—Photomicrograph of specimen shown in Figure 9; 200. 


ninth rib, and extending to the umbilicus. The entire upper half of the rectus 
muscle was excised with the aponeurosis and peritoneum. The gallbladder 
was normal (Figs. 3 and 4). 


Case 3.—G. A. B., man, aged 53, had first noticed a tumor in the right 
upper quadrant of the abdomen three weeks prior to admission. Examination 
revealed the tumor to be soft, possibly cystic, and it was thought to be intra- 
abdominal. General examination, including roentgenograms of the spine, chest 
colon, kidneys, ureters and bladder, was negative. Cystoscopic examination 
was negative. At operation the tumor was found to be in the outer border of 
the right rectus muscle. It was removed and a sinus was found leading to 
the inner surface of the chest wall. This was packed with iodoform gauze 
and a rubber drain inserted. Fifteen months later the patient’s general con- 
dition was good, but the old sinus continued to open and discharge periodically 
(Figs. 5 and 6). 


Case 4.—Dr. F. S. M., aged 46, had undergone a right inguinal herniotomy 
in 1914. In 1917 examination at the clinic revealed multiple polyposis of 
the colon, which failed to respond to medical treatment, and in February, 1919, 
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Fig. 11 (Case 6).—Specimen from the right pectoralis major muscle. 
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a Brown operation was performed through the incision in the right rectus 
muscle. In May, 1920, the patient returned with a tumor in the upper angle 
of the incision of the right rectus muscle. General examination was negative. 
At operation the tumor was found intimately attached to the posterior sheath 
of the right rectus muscle and peritoneum. It was completely excised, and 
plastic closure of the wound made. In November, 1920, the patient returned 
with two other tumors in the right lower quadrant of the abdomen, one 2 cm. 
and the other 6 cm. in diameter. Treatment with radium and roentgen ray 
was given (Figs. 7 and 8). 

Case 5.—Mrs. S. A., aged 37, with five children, had noticed a tumor for 
two years in the right side of the abdomen; it had grown to about three times 
the size first noted. Examination revealed a fixed, firm, nodular tumor thought 
to be intra-abdominal; otherwise, examination was negative. At operation 
the tumor was found in the right rectus muscle and involved the peritoneum, 
a piece of which, 7.5 cm. long, was incised with the tumor. Exploration of 
the gallbladder, stomach and duodenum was negative. The appendix was 
removed (Figs. 9 and 10). 

Case 6—Mrs. A. E. D., aged 36, had a history of polydipsia, polyphagia 
and polyuria of one year’s duration. A local physician had found sugar in 
the urine three months before. The patient had improved on careful diet. 
Examination revealed only a trace of sugar in the urine. The roentgenogram of 
the chest was negative. In the left lower quadrant of the right breast was a 
hard fixed mass attached to the skin and to the chest wall, and there were 
palpable glands in the axilla. A diagnosis of carcinoma of the right breast 
was made. A radical amputation of the right breast was performed. A tumor 
was noted in the inner lower quadrant over the fourth intercostal space, pene- 
trating the muscle and involving the skin. Pathologic examination revealed 
that the tumor in the pectoralis major muscle, 5 by 4 by 2 cm., was purely 
desmoid in character. The glands in the axilla were inflammatory (Figs. 
11 and 12). 

SUM MARY 


1. Desmoids are rare, symptomless, slowly growing benign tumors 


arising most commonly in the musculo-aponeurotic structures of the 
abdominal walls but also of other muscles. 


2. Clinical diagnosis is difficult, and careful pathologic study of 
gross and microscopic specimens is essential. 


3. Complete and early excision is the treatment of choice. Radium 
and roentgen rays are at least excellent palliative measures in 
inoperable cases. 





